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NATURAL 'PHILOSOPHY. 


By JOHN TYNDA&Ii» 


1, When a boy lieara a peal of thunder; when he sees 
a flaah of lightning ; when lie watches the clouds 
forming, aiiii views them afterwards discharge their 
contents of^rain, ha|l, or snow; when he observes 
upon a winter morning the green fields covered with 
hoar-frost, and finds tlie same grass in siu^mcr adorned 
with pearls of de^y >when he hears the melodious song 
of the lark, *aiid observes the little bird securely 
floating in an atmosphere whicKis unable to support ji 
straw' when he reflects upon the tire wl^ch warms 
him, and upon the fimne whieli gives him light—there 
is nothing more natural (hati^lihat he should desire to 
bo instructed regarding tho^nature and causes of all 
these things. He sees a man fire a gutf at a distai:^, 
notes the spark first and hears the sound aflter^ 
wards, and the questioii arises, How ia it th^ this 
difiercnce is not perceived when he stands close to 
ttie gun? for then the sound and the spark occur 
simultaneously. Why is it that in a Ijumderstorm 
the flash is seen before the peal is heard ? Can 
it be that^ when we stanfl at a distance the light 
leaves the sound behind it, as th^ quicker of two 
boyl outruns the slower and amves«first at tha 
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witining-poi^t ? Do liglit and sound really require time 
to travel from one place to^ another, and if'so,'Can 
nut contrive means to ttLeasure the speed at which they 
travel? Now the objects ’\yhicfi ive have strpposed to 
attract theboy^s attentioii area few of a multitude which 
are continually presented ti^ us ^in our present state of 
existence, an(# to these objects we giye the name of 
iVo^ra/ Phenomena, In addition to the desire to 
hnow the diameter and causes of these plteJiomena^, 
Dnnan beings are endowed wiUi the powfr of discover¬ 
ing and comprehending these causes* We alrefidy 
know a gdeat deal concerning all the subjects to which 
we futve alluded, and to knowledge of this kind, when 
properly extended and arranged, we give the name of 
Physics or Nati^al Philosophy. 

2.- An acquaintance with natural pbt)osophy is so 
pleaisant to beings with a desire for knowledge, 

that the subject w'onld be ptlisued on this account alone, 
even if there existed no other motive for its cultivation* 
But it so happens that, by ^observir^ and reasoning upon 
the phenomena of nature, we become better acquainted 
with the forces which produce ^hese phenomena; so 
that finally we are enabled to enlist these forces in our 
service andt.to make them labour for our necessities. 
Anybody who looks intc one of oulr immeuise factories, 
with its multitude of wheels and spindles, where a vessel 
of boiling water keeps^ the vast machinery in incessant 
motion ; or upon a locomotive, drawing after it w>tli 
the speed bf a etorna a ^rain of frfty carriages, full of 
passengers and merchandise* must feel the immense 
^advantage which the worlfj has derived from the study 
of^the properdes of steam, and of the means by which 
its force may be usefully applied* The electric tele-* 
graplr is another example of the same and 

altijough the great man who discovered that mysterious 
power which acta through the telegraphic wire never 
gained a shilling by it—never Indeed entertained the 
idea of making it the means of ^sending messages 
across continents, or even along the bottom pf the sea, 
jn the twinkling of an eye-^though hU investigations 
were prompt^ by far other cou^iderations than .tkose 
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which people usually* but often ihou^htlessly, call joro^?- 
ticai —his labcAirs ara not *on thb account the leas a 
blessing to Ttiatjkind. • 

3. General Pboferti^of Matter.— The source 
t of all the phenomena embraced by natural piulosophy 
, w wtnfffi^i tl^fl 19 the ^foundation atone of our build¬ 
ing, and we commence with it* cV4ain as the 
subject may appear, philoeopkers have disputed much 
re^rding matter; and the probability is that every 
fleeting youth^ after he Aas arrived at the years of 
manhood, will discover that the subject U not quite bo^ 
stiitple ajA at first sight might be^imag-jned. If«, boy be 
asked* ‘What is matter P he will be able to show at 
once, by itlustradou, what he believes it to be. He 
takes up a brick or a stone and replies, ‘'Thil^ is matter.^ 
He points to^^ tree or an aninuLl and says* *^That is 
matter/ He stret|?hes out his ar||i '*nd^ exclaims, This 
is matter/ But if he be to define tn words what 
matter Is, he will not And the task an easy one. Jle 
finds, for example* that the stpne which he held up as 
an illustration is hard, and may be tempted to say that 
matter is that which^is hard to the touch; bvit a 
mom^pt's reflection shows him the insuthciency of tins ' 
definition ; it shows him that hardness^ as he understands 
the term* is no/ a general pr&pexty of matter, for there 
are many kinds of matter, such aa oil* butter* wool, 
which are not hard. Hardness ia what is called 
specific property of matter; but it is those properties 
which characterize matter in genj^^al which noiv interest 
us* and some of whici^ we wjli proceed to describe. 

4. The first* and perhaps su^cienlly distinctive, pro* 
party of matter* is the ability it possesses of s?xeluding all 
other bodies from the space occupied by a portion of ip 
This property has received the name of 

If you enter a dark room and stumble ji^ainst a t^a, 
you are coni^ious of meeting something which resists your 
progress, You can feel round the table and thus mak* 
yourself acquainted with its farm; but the li/ood of the 
table occupies a certain space into which your hand 
cannot enter. You may reply that if a nail be driven 
into the wood^ the latter will be penetra^ed^by the nail| ^ 



NATHIiAL J't[lL0?50ntr. 


4 

mid tills is jierfei^tly correct^ in tiiu cummon sense of the 
term penetratioijj but our sense of tJio term. 

When we^eflect a little it becomes evident that tiie iiaiJ 
merely displaces the particle^ of the wood; it pushes them 
aside, and does not by any means occupy the same portion 
of space that they occupy, ^ In^ike mannerj if you dip 
your hand kijo water, the liquid appears^to be penetrated 
by your hand, but it is Tiot a case of penetration in our 
sense of tlie term! If the vessel, before the immersi^Jn 
of the hand, be quite full of water, when your hand is 
' introduced, a portion of liquid, exactly equal in bulk to 
the hantl^ will flow^over^ tlms proving that the water is 
disphiced^ and notjieiwtrated. If the liquid be contained 
in acylmderJ''iufo which a piston is so tightly fitted us to 
render displacefnent impassible, wlien the piston is 
pn?ssed down upon tbtj liquid, its descent will be resisted 
with ^l force whicir-fl^ scarcely to be surmounted. If 
you submit air, which apj)etirs''to be so easily penetrable, 
to the same experiment, you will find that it also 
possesses a power of resistance. And, although the air 
may be squeezed into a smaller space, this is due to the 
fact that the particles of air are biought, by the pressure, 
more closely together, and is no proof that a single 
particle of and a single particle of the piston occupy 
one and the same spac^ at the same time; which latterj^ 
it must be reniembered, is the real meaning of pene- 
jtrability. 

5. Anqther general property, which, in connexion 
with the'one just described, is (usually deemed'suffi¬ 
cient to characterize matt^, is, extension^ But the 
idea of extension appeajs to be included in that of 
impenetrabilhiy; for the latter term signifies the 
delusion of all other biKlies from the space occupied 
by a^ky one body, asid the mere occupying of^space is 
extebsion^ 

6. A third general property of matter, usually dwrft 
upon in works on natural philosophy, is its capability of 
being divided into parts. This property is called divi~ 
sibiiity. A piece of chalk can be broken into two pieces; 

of these two pieces edn be also broken, and if we 
ask ourselves whether there beany end to thepos3it>ility 
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of breaking^, we fiml ourselves unable to imagine any sueli 
eiub We are unable to coilcetve of a piece of marier 
30 small that a etill smaller one is jtnpi>si3[ble. The 
truth of tins will be at.once evident on reflection, and it 
^ has led philosophers to the conclusion that matter is 
f divisible ; if* our senses, or our insiru- 

nients, were fino enough, we might go oi^ dividing fur 
e^^r, and never come to an eftd. 

7* A few examples, showing the minuteness of divisiorf 
of which matteijs capable^ may be here introduced* Wo 
have referred to chalk* This substance has been shown* 
by a German piiilosopher narqpd Bhrcuberg"to be a 
collection of shells. Look at a piece of chalk ;* you 
cannot see those shells, for they are too small to be seen 
by the naked eye, yet they exist; and, not only so, but 
each one of t\iein is built up of perfect little crystals of 
calcareous spar, myriads <jF wiyc^’ ^ {o form evSry in¬ 
visible ahelli But in art, a^wellas in nature, we have 
instances of the extreme divisibility of matter. It would 
take n^rly 300,000 layers of ^mmon gold leaf, placed 
one above the other, to form a pile one inch in height* 
In certain gilding procfescs the layer of gold placed upoii ^ 
the gilt substance is so thin, that a portion of the layer 
wliose weight does not exceed the 1,000,0t)0)000tli part 
of an ounce is disfinefly visible t(^the naked eye. When 
a soap-bubble is distended by blowing, it becomefi thinner 
and thinner, and finally bursts; but before it bursts a* 
beautiful play of colours is observed upon iUt surface, 
and jfrom these coloui% the grea^ Sir Isaac Newton 
enables! to determine4he tluckness of the bubble. He 
found that just before bursting, the film, at its thinnest 
point, was ^ ' , of an inch in thickncssf Oil Is 

capable of great dbtension ; if the smallest drop of oTl 
be permitted to fall upon water, in which a little canslic 
potash has been dissolved, it will seem to flaj^h'iato 
colours which overspread the surface of the water ; and 
these colours, like those of the soap-bubble, indicate that 
the thinness of the layer of oil is extreme. From the 
colours which they exhibit we also infer that the shining 
wings of dragoii-fiies and oilier insects are not thicker 
than ^Id-leaf. Tfie blood of animals owe<» ^ta redness to 
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little globules which float in a transparent liquid, called 
lymph ; and U haf^ been calculated that a drop of human 
blood, which may be suspended from the point of a flue 
needle, contains three mill'uns ef tliose red globules; 
wliile a similar drop of the blood of the mnak-deer con^ 
tains one hundred and twehty bullions of them, Con-^ 
ceive^ grain of sand of such a size as just to cover the 
dot placed over tlie lettbr i in these jwiges ; ttiere are 
iininials so small that whole millions of them, grouped 
togetfier, would not be eqitarin size to ^uch a grain of 
’ sand. These are the results of microscopic research ; 
but the inicroscopc me»;ely opens the door to imagina¬ 
tion/and leaves us to conjecture forms and sizes whicu 
it cannot reveah Turn your thoughts for an instant to 
the animals last mentioned—think of the apparatus by 
wltich the life of such ariinnals ia sustained; of their 
digestive organs—Sf*!their veins and arteries^—of the 
litfle heart wJiicli impelS the blood through these 
chaniiels^—of the globules floating in this blood—and 
then form, if you can, a distinct idea of tlje extent to 
which matter is actually divisible. 

S. And yet, though Uie hutrlan mind is unable to 
conceive of a piece of matter so small as not to be 
capable of further division, it is perfectly possible that 
a real limit may exist to the aivisibility of matter. 
It has been supposed that matter is composed of 
particles, called atoms, smaller than any that mc have 
been cojisidering, and so hard that it is impossible 
to divide' them furthey* This Opinion, or something 
> closely resembling it, is general at ihe present day, 
A lump of copper, for example, is a collection of the 
^^orns of copper, clinging closely together: the same 
may be said of a lump of gold, silver, iead^ or suN 
phuj. To such substances as are incapable of being 
reduced to others more simple, chemists have given 
the name of elements or simple bodies: there are 
more than pxty such elements, aOl the substances which 
we have just mentioned being examples of elementary 
bodies. The air we breathy b a mixture of two kinds 
of gas, called^ oxi/gen and tiitrogen, each of these 
being a sin^ple body. The word ^ mijetare’ is--here 
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usL'il intent ion ally, but I mwst now ask yon to figurts 
lo yoar minds rfin atom of joxygen and an atom of 
nitrogen in presence of each other; under certain 
circumstances these atoms may be caused to unite to¬ 
gether, 80 as to form* a siTjgie compound atom, or 
molecule, as it is sometimes palled ; and the gas which 

produced by this utitoft is so entirely different from 
the mixture of bxygen and lyttogen preSeut in the 
armo.^phere, that the person who inhaJea it soon becomes 
, intoxicated, and usually ,laughs immoderately: the* 
gas receive.*?, oil this account, the name of laughing-* 
gas. This example will, I trust, fix upon the mind 
the difference between a mere mixtuf^ of tvvo*siTjiple 
bodies, ami the compound produced by the chtmical 
union of the same two bodies: in the former case the 
atoms of each substance are independent of those of the 
other; in the latter case the elci^efy^ unite together, 
lose their individuaf charaote^, »mH produce an entirely 
new f^ubstance, this new substance being, not a simple ' 
body, but a compotind one, 

9 , Moist of the substances wldch we see around us are 

of this compound charj,cter. The water we drink is 
produced by the uniim of two other bodies*, oxygen 
andt hydrogen, although each of these l>ndies is a gas 
and neither of them, has ever been obser^^d in tlm 
liquid condition. The salt we use at table is produced 
by the chemical union of a g;ts called chlorine witli a 
met^l called sodium, neither of which substances bears * 
the slightest resemblar^pe to salt. 1 

10 . Not only can one simple btody combine with ano¬ 
ther, but compound Ifndies hiay also unite together tr> 
produce other bodies still more*coniplex. J'here is, for 
example, a Jieavy gas which often collects at thebottoui* 
of deep wells, and sometimes kills people who enter 
such wells incautiously i tins gas is a compound oftthe 
element carbon with oxygen, and is called carhonic acM. 
The lime used for building purposes a compound of a 
metal called c<ilciuni with oxygen, the projtict l^eing 
called oxide of calcium^ or Hme* Now the carbonic 
acid just referred to has theipower of uniting with the 
lime and furmijig a body called carbonate of Hme^ wbicb 
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IS totally distinct from either. Marble is carbonate of 
lime; so is cbalkH, and is the beai^itiil traii^^pareiit 
crystal called Icetazid spar, A difference in the 
rangement of their particles often makes substances 
chemically alike exhibit totally different appe«iraTices, 
Sulphur, for example, be ytllow, red, or black, 
according^to the maimer in wUlch it is prepared ; but 
it m anil sulphur, 'V^hat two botHes can be more 
^different froTii each other externally than the sparkllnj 
and costly diamond and a lump of dingy charcoal? 
/Yet they are precisely the same sulfetance, and the 
dfamoujl, Jiard and beautiful im it is, can be burnt like 
a p'ece of coal. * We^ might procml further in this 
way, but sufRdeut, I think, lias been said to give you 
some idea of the views now entertained by philosophers 
regarding the nature and properties of matter, 

11* But there [h one other ])roperty remarkable, 
and BO commorf, tha# I afl[i tinwilliii^ to pass on to the 
next lesson without alluding to it; and that is the 
wonderful power which atoms and molecules possess of 
arranging lliemselves together so as to form crystals. 
If we examine almost any hard rock, we shall find It to 
be, in a great measure, composed of little crystals, 
which shine and sparkle in the sunlight when their can 
surfaces are exposed. In this case, however, the crystals 
are confusedly minglecl together; but under certain cir¬ 
cumstances they grow to a large size, and thus enable 
IIS to study their exact forms and properties^ Examples 
of quarts, or rock-crystal, as it js sometimes caltod, arc 

often foitnd weighing several pounds. 

12 . This crystal* which ia sketched in 
fig. 1, cofisista of a column, or prism, 
possessing six sides, and having its two 
ends capped by pyramids the crystal, 
however, is rarely found with both ends 
perfect. In all rock-crystals, no matter 
where they may be found, this form ran 
be recognised* Other bodies crystallize 
in other forms, and sometlmea the same 
rifrt- substance possesses the power of crystal¬ 
lizing in two <or three different foims. Sulphur is a 
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Striking example of this. Carbonate of lime crystal¬ 
lizes in two ^orms, the crystals of one form 
called arragotiite, and those of the oiher, calcareoua 
span If a piece of rock-sajt be struck with a hammer^ 
it will split freely in three aiffereni directions, which are 
at right angles to each,other; and, howevf*r email the 
fragment may it retains this peculiaril|rr The sub- 
fitanee cleaves into cubes, and possess<^ this character 
\^herever it may be found. Calcareous spar may be 
^dniilarly cloven, not however into cubes,but into figurw 
called rhomboids. All crystals, even the hardest, are* 
ntore or Jess cleavable* Lapidaries advantage of 
this property, and instead of grinding down diamonds and 
other precious stones, sometimes cleave tfiem, the sur- 
taces exposed by cleavage being. perfi3ctly smooth and 
shining. If^you carefully examine with your pen¬ 

knife a piece of sijgarcandy, wliic^ is crystallized*svigar, 
of tartaric acid, or of citrfc ^Cld, you will probably find 
that it cleaves with facility in one direction; indeed, 
1 cannot recommend you a more useful exercise in rou** 
ncxion with this portion of our subject^tlian the finding 
out of the principal cteavage of these crystals, 1 am 
sure, when you find the cleavage, you will be pleased 
with your discovery ; and the labour spent involving the 
problem will iJe well "repaid by 4he superior knowledge 
of the structure of the crystal which you will assuredly 


acquire. « 

13, The term ^principal cleavage' has hpen used, 
because sugar, and many oth^r crystals, cleave le^ta 
perfectly in some direptiomlhan in others. The angles 
of crystals are con^ 
staut in size, but the 
case is different witK 
the surfaces; for the 
circumstance of a crys¬ 
tal lying upon any 
object, say upon the 
bottom offlplatp, dur¬ 
ing its formation, will 



Pig s. 




tend to flatten the side in cohtact with the plate, and to 
inaKe^it larger tliaii its fellows; thus fign. ^and B represent 
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different forms of crystal of the same substance as aliinii 
Fig. 4 is a correct sketch of a group of alum crystals, 
obtained from a marjufactoiy in which the substance is 
prepared on a large scale* ^ ' 



14. If you dissolve a quantity of glauber salts, or salt* 
petre, in water, and ^ place the'•solution in a basin 
where it can evaporate slowly, you will soon find 
.crystals forming round the sides of the vessel, which 
become (ai^er and larger as the sohitlon continues 
to evapot^te. If permitted to r^t against the bottom, 
the surfaces, as alreadj^ rerparketi, will not he regular ; 
but it is possible to raise a small crystal from the 
bottom, and <xi suspend it in the middle of the liquid, 
&nd by little artifices of tliis kind cry stab ma^ be nursed 
ao ^as to grow to a large me and to preserve a perfect 
How then are those beautiful forms produced, 
whose architecture is so perfect, and whose characters 
are retained with such wonderful precision ? Observe 
a bricklayer building a wall; he lays brick to brick, and 
the wall grows gradually larger: does it not appear 
as if, in the case of cry^^tals, ^ome invi^ble architect 
added molecultf to molecule, and thus buUt up the 

L ** 
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B»lire mass? We obtain other notions of the pro¬ 
cess, thoug'h iA 3 t less calculA^ted to excite our astonish- 
ment, if we suppose the little molecules endowed wiih 
forties wliich cojiipel tliem^to arrange themselves in a 
particular manner* * If we imagine tire bricklayer 
absent, and the materi^s with which he works endowed 
with the powerarranging themselves ao'es to form 
walls, houses, steeples, and • mon^itnents, the wonder 
>frould not be greater than that which actually takes 
place ill the bijildiiig of a'crystaL 

LESSOW.n. . 

OK FORCE AND MOTION 

1, DtriNiTiON OP FoucEj &c*— Towards the conclu¬ 
sion of the last chapter, the word was made use of‘, 
and you liave a right to require ^ we that I sbdUld not 
use a term, and leave yod in efoubt as'to tlie meaning of 
it. We have already spoken of matter, and we cannot 
think of force without thinking of matter at the sajue 
time^ ts that which puts matter in motion^ cr 

which stops or changes a motion once commenced* 
Forces are of different intensities or magnitudes: a* 
stone, fur example, urged with all his strength by the 
arm of a man, wUl*move witti« greater force than tiie 
same stone wlken cast from the liand of a child But, 
however strong the tnau may be, we always find that the 
stone iie throws soon sin^ to the giound^ and the 
reason of this is, that the stone is pul ted down by a 
power possessed by ^lie es^rtJi, and wiiich we call the 
force of gravity. All matter possesses this force; and 
it is it which, acting across tlie interval^f nineiy-fii© 
millions of miles, holds tiio earth as surely in her ojlSit 
as if she were connected by a chain with the sun* • The 
same force holds all the other planets in their ofhits; 
and it U usual to distinguish it from the force Mhich 
holds the parricles of substances together, and enables a 
body to resist being broken or torn as^uuder, ^hich latter 
is called the fbree rf cohesion, 

2* We might add to oiu* definlTion of force, that it 
prev^nU motjojj* as tlie loice of coliesibu does this, lor 
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it mists the separation of a body’s parti(!les. Pif- 
ferent bodies possess difl'erent powers of ^oliesioii; the 
cohesion of chalk is far loss than that of the flint 
embedded in it; and the cohesion of bone is greater 
tlian that of muscle, liut not onJy do ditferent bodies 
differ in this respect, but Uie ^me body may possess 
different powirs of cohesion in different directions, 
W'ood, for examplej spli'ts with greater ease in the 
direction of the fibre than in any other direction ; and 
the cleavages of crystals, spoken of in the last chapter, 
ciso indicate that in some directions the fofceof cohesion 
is less than in ollie]^. In the direction at right angles 
lo the^fibre of wood, anJ to the cleavage of a crystal, 
tlie particles are held together by a comparatively 
feeble force. It Vould be well to dwell upon tliis for a 
moment, and to obtain ^ clear notion of the fact, that to 
cleave Ivith greatcr^ease in the direction of the fibre, 
the particles musl be nefil together lly a feebler^force 
perpendicular to the fibre, 

3, Inactivity or Inertia, —There is a certain 
quality of matter whieb,tflough properly speaking, it is 
not a force, may be referred to here; and lliat is, the 
^tendency of matter to remain at rest, if unmoved by 
any external agency, and of persisting to move atfer 
it has once been set ip|. motioin It has been asserted, 
that rest is natural to matter; but this is an error; 
matter has no more preference to rest than to motion, 
and is altogether incapable of moving itself, or of 
stopping itself when once put m motion. Tins' pro¬ 
perty is called ijiacHvtl]^ or which latter term 

has been often erroneously applied to express a tendency 
in matter to resist being moved, there being in reality 
lib such tendency. It may be urged thai bodies do 
cease moving; that the ball thrown from the fiand of 
a Qrlcketer, afier rolling for some distance along the 
grass, comes finally to rest. But this stoppage of motion 
is not due to any power possessed by the ball to stop 
itself, but is simply due to the impediments presented 
to its progress by the grass, and the inequalities of the 
ground over which it rolls.* Urge the same bail, with 
the same force/ along a flagged surface^ and it will 
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proceed much further: substitute for the flag^s a sheet 
of smooth ite, and it wHl proceed Btill further; take 
instead of the rough crickeUball, a sphere of polished 
marble or ivory, aud it will preserve its motion for a 
greater length of time. Thus it is seen, that in propor¬ 
tion as we remove iippediments, the mol ion of tlie baU 
is prolonged ^ and it' is fair to conclude, tliat if all 
impediments were removed**the motion would continue 
*for ever, , 

4. A bullet fired frorti a gun enters a certain distapce 
into wood; into mud it will enter still further: into 
water further still; and furthest pf all int« air. But 
even in air a great resistance is presented to tiicpbullet; 
and in noiie of the cases mentioned have we an example 
of really ceaseless motion. Such examples, however, 
exist: there is no grass* no water, no air in the track 
of the earth blii ^ planets aa th^ tflvlrl around *the sun; 
and the consequence is/thfct^hese bodies have continued 
to roll through countless ages, with the velocity which 
they possess to-day. 

5, Illustrations of Inertia. —Many things of 
common occurrence are to be explained by reference to 
this quality of inactivity : we will here state a few of theih. 

'When a railway train is moving,, if it strike 
against any obstacle which a vests its motion, the paa- ' 
sengers are thrown forward in the direction in which 
the train was proceeding* Such accidents oflen occyr, 
on a small scale, in attaching carriage^ at railwaj 
BtatioFJs, Tlio reason is, tliat the passeng^i's share the 
motion of the train, and,^ matter, they tend, to persist 
in motion. When the trayi is suddenly checked* this 
tendency exhibits itself by the falling IbWfvard referred to. 

In like manner, when a train, previously at fbst* 
is suddenly set in motion, the tendency of the passengers 
to remain at rest evinces itself by their falliif^ in a 
direction opposed to that in which the train moves. 

Matter has no power of changing the direction of 
its motion: on turning a corner suddenly, a horseman 
must lean towards the corner, in order to prevent fais 
being thrown forward in* the direction of his previous 
motion. * 
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6. A rider at s^taiidin^ mi a horse's back, 

has the motion as that of tlie horse which bears 

him; and. when he jumps over a garter^ or tiiroiiuh 
a ring, he dues not jump forward, although he appears 
to do fco. He jumps straight upward, and the motion 
which he has already acquired carries him over the 
garter or thrQugii the ring* 

If a cantion'hall be taken to the top of the mast of 
a ^wiftly-iiaiJiiig ship, and let fail downwards, it might 
be imagined, I hat on aoromit the movement of the 
vessel, the hall would reacli the deck at some distance 
behind the^bottom of the inast; but this is not the case. 
'Beforerthe bait was released it partnok of the motion 
of the ship, and atlovvance being made for the resistance 
of the air, this uiotioii is retained by the ball, and 
prevents it from being left bjchitid by the mast. 

7. Nay, if we suppose the wiiip sailing fram west 
to east, the ball, ‘strictly^ spearkiug, will fall a little 
in advuncs of the mast. This is rather a difficult 
point, but I do not despair of making it clear. The 
earth performs a complete devolution from west to east, 
upon its a?cis, once in 24 liours ; arid, hence, every point 
upon I he eartli^s surface, with the exception of llictwo 
poles, must describe a circle daily* If you fix ydiir 
eye upon any'point on a gilobe, and turn the globe, you 
will see instantly what is meant: the point goes round 
in a circle. The circumference of the eurtii at the equator 
is ^4,000 miles; and, therefore, a stone or other object 
at the cqualior, describing, as it does, a circle of the 
magnitude just mentioned, must move with a velocity 
of iOOO miles an hour. A point in England, however, 
moves with mucf^ikss speed, because the circles described 
become smaller aud smaller as we approachiithe poles ; 
and there is no ilifiiculty in understanding that the 
larger 5ie circle described in the 24 hours, the greater 
must'^be the velocity of the point which describes it. 
But it is evident tliat the top of 8t. PauVs, or of Salisbury 
spire, or of the mast of a ship, or tiie summit of any 
other high object, describes, as the earth rotates, ^ 
larger circle tiian the bottom^ of the same object; and 
for this reasoia. a- body placed at the top will moyo 
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with a greater velocity than at the bottom. Hence, 
wh^n a ship sails from we»t to east, a ball at the masi- 
liead will, ou account of the earth's rotation, move more 
quickly in an easterly direction, than the bottom of the 
lueust; and retaining (liia sifperiority of motion alter it 
13 released,it must fall advance of the mast instead of 
beidnd it. It jfrllJ, probably, require a Jittle time to 
familiarize the mind with thh reasoning; but (he time 
t!hus employed will be well bestowed. 1 cannot, indeetj, 
recommend too strongly *o boys, when studying natural 
philosophy, tfie practice of pondering upon subjeel% 
which at first sight may appear diflficuJt; it^is really 
wonderful what patience can accomplish here ; and there 
is no delight equal to that expenenced by a boy when 
he finds his perseverance rewarded by the conquest of a 
difficulty. , 

3. Let us now return to the studjf of force, • 

If a ball of light wodd be^e^ fall fiom a table upon 
a foot uoderneaih, very little injury, if any, will be 
done to the foot; but if the ball be of or of 

any other heavy £:ubstancei it may bruise the foot and 
cause considerable p^in. It h evident that, in this 
case,j the increase of pain is due to the increase of* 
force with which the heavy body strikes the foot, or 
that the force increases as the ^eight iiicr^ea, 

A bullet projected from a mui^ket barrel will pass 
through a board an inch in tffickness, whereas a similar 
bullet cast from the hand will make but a slight inT^ 
preasion on the boacd- What is the causetof the dif¬ 
ference of force hero exhibited ? Not a difierence of 
weight, as in the case last supposed, but a difference 
of vehcii^. The bullet issuing from travels 

at a much greater speed than that cast from the haad, 
and hence it is that its force is so much greater. ^ 

9» In estimating the force of a moving body, lher&- 
fore, two things are to be taken into account; the Stoss 
moved and the ^loeity with which it mnves^ 

The following table, in which the velocitsesof various 
objects are stated, may be useful far reference. 

10* The Romans and other ancient nations were accus¬ 
tomed to batter down the walls of the cities wliich the> 
t * 
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MoviKo Object?' ' 

lMIIvb 
per hour. 

Feet 

per !ie?and. 

walking . . , 

3 


Iforsc trotting , , » , , 

il 

lOj 

Swiftefit mcehorse * / ,> 

90 

Kailway English), 

, 32 

48 

„ (Amcrtcan) , 

\B 

24 

n (Belgian) 

25 


(French), * ^ * 

27 

40i 

1 „ (German) 

* 24 

36 

English steamboats navigating the 

14 

ai 

Swift;jteamerB oti the Hnd^n 

18 

27 

FasC-sailitig ves¥<;ls . « , « 

10 

15 

Curivnt of slow rivers * , * , 

3 


,, I'apid rivers . , . * 

7 

lOi 

Moderate wind . , r * ^ 

, 1 

loj 

A storm - . , 

3G 

51 

A hurricane , , ^ 

80 

120 

Air rushing info lacttuin 

B50 

1375 

Comtnoa niiisket^ball . . * « 

8&0 

1275 

Itifle-bnlt 

1000 

1500 

24'1b, cannon ball . \ » 

1600 

2400 

Bui Jet discharged from atr-guir, air b/;ing 
compressed to lOOth of its volume 

46G i 

700 

Sound through air at temp. 3'^^ Fuhr, 

72S 

"loss 

*1 , „ 60° Fahr* . 

747 

1130 

Earth moving round the safi * . ", 

67,37-t 

101,061 

A point on the cartli^s surface at equator, 

in oonsequGiice of diurnal rotation • 

* ^ 

1037 

1555 


attiicked bj means of Jieavy instroiig^eRts called batieriiig 
rams. It was by mdkris of such instruments that 
breaches were made in the walk of Jerusalem, by the 
Boldiera of Roman Bmperor Vespasian, But a 
glance at the foregoing table will be sufficient to show 
us why these unwieldy instruments hare, in modern 
warfare, been quite superseded by cannon-b^k. The 
possession of gunpowder enables us to impart a velocity 
of 2,400 feet a second to a 24-lb. cannon-ball; and 
this enormous velocity is more than sufficient to 
counterbalance the superior weight of the ram, and to 
convert the ball into a far more formidable implement 
of destruction. « 
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IL Comparison of Forces. —We have thus far con¬ 
tented oiirselVea with shewing that the greater the 
weighty or the greater the velocity^ the greater will be 
the force I but we must fjpw be a little more precise, 
and endeavour to compare two forces together, so as to 
obtain an exact nolion,of their relative magnitudes- It 
requires a certain amount of force to make a body, 
weighing 5 lbs,, move at the* rate of 20 feet a second, 
&nd it ia perfectly evident that it would require a greater 
exertion of force to mak^ a weight of 10 lbs. move wixh 
the same velocity. If we suppose u mass of 10 lbs, cut 
into two equal portions, tiie force fiii&t mentioned will be 
able to cause eitlier of these S lb, masses to m&ve at 
the rate of 20 feet a second, and if the said force be 
exerted iwice^ it will cause both the* masses to mo\e 
at the same ^te. Hence w may infer that to cause a 
body weighing IQ lbs. to mov^tljroagh 20 feet a*secorid, 
twice the quantity of fort^ must be expended that iu 
necessary to cause a weight of 5 lbs. to move through 
the same space, or, to speak^ more generally, the force 
of the moving body ia proportional to its weight, 

12, It ia also found that the forces of two bodies of 
the fame weight, but moving with difForent velocities, 
are proportional to the velocities j so that*if one body 
move twice as fast "as the other, it will possess twice 
tlic moving force, and if it move ten times as fast as tiio 
other, it will pos«sess ten times the moving force, * 

13. But when the bodies dider both in weight and 
velocity, in the comparison oj their forceaj we must 
lake both into accent, , Imagine a weight of 5 lbs* 
moving with a velocity of 10 feet a second; if 
we double the velocity, we double tlfc force,—that 
10 to eay, a weight of 5 lbs., moving at the rate of 
20 feet a secotui, possesses twice the force of the 
same weight moving through 10 feet a second, * * 

But a weight of 10 iba, moving through 20 feet a 
second possesses twice the force of a weight of 5 lbs. 
moving at the same speed. Hence a weigSt of 10 lbs* 
moving through 20 feet a second possesses four iitnes 
the force of a Weight of 5 Uis, moving through 10 feet a 
second : this shows ua that if wc doublb the weigJit and 
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double the velocity we increase the force four times. 
A similar reasoning would tsliovv us that,•'if we trebled 
the weight and trebled (he veloclfy, the force would be 
increaa^ nine times; also, tjiiit if we treblefl the weight 
and doubled tlie velocity, the force would increase six 
times ; or, in other words, f/ik 2 / th^ejorce increases oj the 
product of the weight and velocity increases, 

14, Indeed the product^of the mass into the velocity 
isf always taken as the expression nf the force: ouf 
w/?igJit of 5 lbs. for example, moving through 10 feet a 
second would have a force of 

* . 5 X 10 = 50, 

and oftir weight of 10 fbs. moving thi ■ough 20 feet a 
second would have a force of 

' 10 X 20 = 200, 

and we see that the numbers SO and 200, ^hich express 
the fordeSj are in tlfj r^tio of 1 to 4, ^hich is the same 
result ^ that proved above. * If, therefore, we denote 
the ma^s of a body by the letter and its velocity 
by V, the force will be 

M X V, 

This product is usually called^ the momentum^ or 
moving force of the body. 

For the sa,ke of imprinting this simple principle upon 
the mind, we will give a^few examples of its appUcation* 
Example 1.—A ball weighing 9 lbs. moves with a 
velocity of 25 feet a second ; it is required to compare 
its momentum with that of a 5-lb. ball moving at a 
speed of 45 feet a second ? 

Here we have 9 .X 25* = 225, 

And 5 X 45 = 225* 

T^e products^are equal, and hence we conclude that 
tlie momenta, or moving forces, of the two bodies are 
equal)'also, « 

Example 2.—A battering ram, weighing 5,300lbs., 
was propelled with a velocity of 7 feet a second, it is 
required to compare its momentum with that of a 30 !b* 
canTjoTi-ball*taoving at the rate of 2,492 feet in a second ? 
By proceeding in the manner indicated it will be found 
that the momentum of the bbU is about twice that of the 
ram. ' 
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15. It is evideTit that if of the three quantities, 
weight* velocity, anti motnentum, any two be given^ the 
thinl may be found. 

(li) If the weight and velotity be given, we multiply 
ijhem together to obtain the momentum* 

• (2,) If the momentun* and velocity be ^iven, we 
divide the momenKim by the velocity to find the weight, 

(3-) If the momentum and weight be given, we 
divide the momentum by die weight and obtain the 
velcjcify. * 

lixample 3,—The weight of a body is 52, its mo¬ 
mentum is 4d8, required its velocity ? * * 

468 -r 52 ^ 9 Answer* 

Exnmph 4.—The velocity of a body ^15, its mo¬ 
mentum is 180j required its weight? 

160-5-15 = 1? Answer* 

16. In all these eases w$ have >onjy to be careful, 
that when we compare the forces of two moving bodies 
we must have their weights expressed in the same unit, 
and also their velocities expressed in the same unit* The 
unit of weight may be an ounce, nr a pound, or a ton; 
and the velocity may be e'^ther so many teet in a second 


or ndles in an hour; but if tlie foot be taken as the 
unit of space and the second as the unit of tinfb, in one 
case, the same units must be taken^n the other. In the 
next lesson we siiall have occasion to apply some of the 
simple principles established in the piiesent one. 


* 


m* 

COLLISION OF BODIES. 

1 . Definition op Ei.ASTiciTr and ^ardnnssl 
—Before we enter upon, the subject of the present 
lesson it is essential to obtain perfectly clear iiotiolbs 
of what is intended to be expressed by the word# 
elasticili/ and Itardmss. If a strip of India-rubber be 
drawn out, and then liberated, it will return to nearly 
the shape which it possessed before being stretched : in 
this case a force appears to reside in the particles of the 
rubber, which is capable of reXtoring the shape of the 
piecej a^d to this force we give the name ot ej^ticity* 
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In like manner if we take a rod of gliifs and bend 
it, when the dejlecting’ov bending fcrce is removed, 
the glass returns almost completely to ita former 
position. If the same 'rod he softened by heat, and 
drawn out to a thickness not greater than that of a 
human hair,, when cool it may be twisted ; but when tl e 
force oflU'isting, or iorjfow, as it Uncalled, is removed, 
the glass thread untwists itself, and the force whk-li 
enables the glairs to do this we call elasticity* Gla.^s, 
indeed, is a very elastic substance, and I clioose it, 
as an example, to show that great elasticity and great 
britiliimi^s may exi^t togetiier, in one and the same 
body* 

Ivory is also a very elastic substance. If we per¬ 
mit an ivory ball to fall from a certain height u]?on 
a flat unyielding surfafee, the ball afJer it meets the 
surface wdll become fl art eyed as represented in fig. 1, 
the force wliich tlje ball has acquired during its descent 
being all expended in compressing it* But the ball 
will not remain oompre-'sed, the particles which for a time 
had been forcibly brought closer together along the 
diameter a b, now make an eflbrt to push themselvea 
^ asunder ; the ball recoils against the 

surikee, and tliis back-push causes it to 

_j returA along the path through which it 

had descended. If the force with wluch 
a the particles push themselves asunder be 

^ equal in all respects to the force which had 

pressed them together, the bail is said to be ]^erfe€ihj 
e/oif/eV, and it will ascend to the same point from which 
it foil \ but if this be r*ot the case the ball is said to he 
impf^fectly eloAiic^ 

2* If after tlie shape of a body ha% been changed 
any external force the new shape be retained, with- 
Kiut any alteration, when the external force ceases to 
act, such a body ia said to be intla&iic: butter 

and soft clay approach to this condition, for if a lump of 
either of these substances be squeezed, or let fall upon 
the ground, it becomes fattened and remains so ; but 
we are acqqainted with ^no body in winch elasticity is 
entirely absent, though many bodies possess it r» a very 
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low degree ; nor ia there any body in which elasticity ia 
jjcrfect. • 

3, Elasticity then is a force, within a body, which 
tends to restore the shape ^hich liad been changed 
fcy a force without it,’ Tim property of hard7iess 
insists in the resistance Ip change of shape; and a body 
whose particles not yield in the slightest ^^gree to 
ati^ e:(teriml force applied to is said to be pmfedlif 
hard. Let ns now inquire what will lake place when * 
k perfectly hard hall is 'pennitted to fall upon 
perfectly unyielding surface* Casting an eye upon 
fig, 1, we see that the rebounding o( tiie ivorj^ ball Is 
solely due to the effort it makes*to recover its sliape; 
hut, in the ease of the perfectly hard ball, there is no 
cimnge of shape, and consequently, nto such effort. 
Hence it is evident that r]ie«haTd ball will have its 
motion suddenly arj;ested by the surface, and will remain 
in contact with it, without febbunding. 

We are now prepared to enter upon f.lie subject 
kitiinated by the title of tins lesson, and we will com¬ 
mence with the collision of suc\ bodies as are assumed 
to be perfectly liard ; fcr although this assumption is 
not strictly true, there being in reality no aueli thing as 
a perfectly hard body, as we have defined i^; still the 
assumption will simplify our calculations very much, 
and where a practical object is sought, proper allowance 
for imperfect hardness can be made afterwards. 

4. We will also suppose the balls wc opejate with 
to be homogeneous^ that is to say^ one part of the same . 
ball must not be heavier tjian another; and w'e will 
further assume (hat when one ball approaches another, 
Ihe direction of its motion is along the lii^ which joins 
the centres of the balls, as shown in fig. 2 l colHsioff 


0 


f)- 


Fig. 3. 


which takes place in this w-ay, wdierr the liills do not 
strike each other obliquely, is callefl divert impart. 

5* First, then, we will^otjsider the ca.se of two 
pcrfe^tly hard LalU of the same weighty and possessing 
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tlie same velocity, moving tow'ards each other in oppo* 
site directions* It is evident, that, isaasmueh as tlie 
forces with which the balls move arc equal and opposite, 
the motion of both balk will be destroyed by collision, 
and they will come perfectly to fest, as shown in fig. 3.^ 



L 

6* We win now vary the question, and suppose that 
the balls are not of the same weighty and do not move 
with the same velocity* Suppose, for example, that 
one of them weiglis 9 ounces, and moves at the rate of 
15 feet a i^cond, while the other weiglis 12 ounces, and 
moves, in the opposite direction, at the ra^e of 10 feet a 
second,—what wiU be the state of things tiftercoliiaion ? 

It is evident narS th^t the tbrces or momenta 
with which the balls move be not perfectly equal, the 
motion will not be completely destroyed when they 
strike against each other* The two balla will move 
together one mass in tlie direction of that ball whose 
moving force is greatest* explained in the last 
lesson, the moving force of each ball is found by mul¬ 
tiplying irf weight by its velocity,; hence 

9 X 15 = 135'momentum of smaller ball* 

12 X 10 = 120 momentum of larger ball. 

* Now, as tlie momentum of the smaller ball is the greater 
of the tw^, it is evident that both balls will move' toge¬ 
ther as a single mass h^the direction of the smaller ball* 
These considerations will prepare*ua for a few examples, 
which will se*ve to illustrate this interesting subject* 

I Example 1.—A ball A, moving at the rate of 
25 feet a second, is followed by another, ®, moving at 
thcfrate of 35 feet a seamd, the weight of the former 
ball is 12 lbs*, and of the latter 8 lbs*; required the 
velocity of the two balls after direct impact. 

The first step, as before, is to find the momenta of the 
two balls. 

12 X 25 = 309 momentum of A, 

8 X 55 — 28()‘uiomeiituni of B* 
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Now I have reserved a statement to be made at this 
particular place^*where it is essetttial to our progress, 
hoping thereby to imprint it more firmly upon the 
nieinory ;—it is this—in the^se before ua Uiere is m 
^ce tosL When the balls strike together, the quick 
ball imparts a portion of motion to the slow one; but 
the/orce of the tyo balls after impact, atid^when they 
move together as a single mass, la precisely equal to tlie 
surft of the forces which they possessed before impact: * 
let us add these two forces tngetlu^; j . 

‘ 300 + 280 = 580 

This, then, is the momentum of a mas^wLich is made up 
of the two balls,'—or, in other woids, wiiicU weiglia 
12 + 8 = 20 lbs,, and our question resolves itself into 
this :—Given the weiglit 20, and the inoiilentum 580, to 
find the vdocitjr* According*to the process explained 
in the laist lesson, we obtain the^ve!«city by dividing 
the momentum by the weigRt f Sence, 

580 + 20 = 29, 

the common velocity after impact is, therefore, 29 feet 
a second, 

7* If it be required to know the velocity lost byB 
and gained by A, we should find the former by sub¬ 
tracting 29, the velocity of B after impact, fr^m 35, the 
velocity befo^ impact, the velofiiity lost behig 6 feet 
a second* By deducting 25, A'a velocity before 
impact from 29, its velocity after impact, we obtain • 
for A’s gain 4 feet a second* ^ 

6, We can here subject our ^calculation tO proof; 
for if what we have st%ied bp correct, the force gained 
by A ought to be exactly eqpal to that lost by B; 
now the force gained by A is found by milHiplyicig A's 
weight by the velocity which it has gained, or, 

12 X 4 48 A'a gain of force* * 

By a similar process, the loss of B is found to be ** 

8 X 6 = 48, 

which shows that the force lost by one ball is precisely 
equal to the force gained by the other. • 

1 trust you will study this example until it is per-* 
fectly plain to you; for if v4ui succeed In obtaining a 
clear i^otion of every example as we proceed, each sub- 



24 


natuhal philosophy. 


eequent one will be a source of new interest aiirl pleasure ; 
wliile there is nothing but dissatisfaction'Oml unhappine^tlS 
experienced when a boy passes impatiently to a new por¬ 
tion of his task, without having endeavoured to master 
the previous ones* ' . 

Example 2,—Suppose ifie ^me two balls as those 
introduced in the last questiau to move in opposite 
directions, instead of incthe same direction, requir«^ the 
r common velocity of the two balls after collision. 

Kow it is evident that ^ if the balls moved with 
, precisely equal forcesj they would completely neutralize 
each other's motion by collision, and come to a perfect 
restc Suppose the force on each side to be 300, we 
sltould, in the ease of the balls moving in fhe same direc~ 
tiovj find the^ combined force, after collision, to be 
300 4- 300 GOO; buf if they moved in opposite 
directioiifl, we shculd find the force ofW'collision to be 
300 — 300 0; the 'fa^ce producing visible motion 

would completely disappear, and rest would be die con- 
Rtquence. But, in the present instance, the forces do 
not completely neutraliafe each other, but a balance of 

300 - 280 .= 20 

remains in favour of the ball A. The tw^o balls,, after 
impact, will therefore move with a force of 20 in A*h 
direction ; and the question now is ;—given the weight, 
12 + 8 or 20, and the momentutn 20, to find the 
^velocity: dividing, as before, the momentum by the 
weight, the velocity is found to be 1 foot per second* 
h*xa 7 nple 3.—A jjal], A, weighing 32 lbs,/ and 
moving with n velocity of 26 feet a second, follows 
another ball^ B, the weight of which U unknown, but 
^which moves at the rate of 12 feet a second; the common 
Velocity after impact is found to be 20 ^et a second ; it 
is required from this to find the weight of the ball B. 

fXVe will here show how the principles of algebra may be 
applied to the solution of questions like the present;— 

p X/et X ^ the weight of B in lbs.; 
tiien we have 

82 X 26 =’'.SS2 A'a momentum, 

' a? X- 12 12a:, B'a momentum ; 



COLLISION OF BODIES, 25 


adding both momenta together, and dividing the sum 
the weight of tJie two balls, we have 


832 + 12a: 
32 + a: 


20 the common velocity, 


Clearing of fractions, we have 



832 + Ujg = 640 + 20a: 

= 832 - 640 192, • * 

oj^ a: = 24 the weight sought, 

liut for the sake of those unacquainted with algebra, w{ 
Vill solve the question diSerently, It may, however, hfi 
remarked, that a knowledge of algebra increases our* 
power immensely in dealing with m^hanical ques^ons; 
and, in difficult cases, it ia altogether indispensable. 

The question before us enables ua ^t once to find 
the velocity which A loses and which B gains by the 
colliaion ; the* former is evidently 6 feet a secoqd, and 
the hitter 8, We*can alfv),^by rjsultJplying A’s weight 
by its loss of velocity, find the momentum lost by A ;— 

“ “ 32 X 6 =j 192. 


Now this must be equal to tlie mormnium gained by B, 
and tike question therefore is s—given the gain of B in 
velocity 8, and in momentum 192; required the 
weight of Bj we obtain it, as before, by dividing the 
momentum by the velocity,— * 

192 8 24 the weight sought, 

9, A great number of interesting and pleasant ques¬ 

tions might be proposed in connexion with this subject; 
and if the pupil understand thePforegoing thorougldy, 
he will have no difficulty in imagining and exercising 
himself with others. * ^ 

10. Distinction between Elastic ani> ISELASTif 
Collision. —In the collision of perfectly hard bodies a 
certain amount of force is expended in conimunicatyig 
momentum from one body to another; and during this act 
the particles of the bodies are sup posed not to yield in 
the slightest degree to tlie force of compressisn. But in 
the case now to be consideTed, the bod las are compressed 
during the comfunnication of momentum, hut they do 
not. remain compresfled t they instantly expand again 



26 


KATUHAL PHILOBOPHY, 


with precisely the same force as that with which they 
were squeezed together^ and the consequence is that in 
the colli^on of perfectly elastic bodies the gain or loss 
of velocity is exactly twice what it is when the bodies 
are perfe(itly hard. ' 

11. When two equal and perfectly hard balls, moving 
with the sitnje velocity, but in opposite directions, strike 
togetiier, they come to rest after collision without 
^hange of shape, as in tig* 4. 



fig. 4* 


But if the balls be perfectly elastic they do not act in 
/his way; both are flattened during the act of com¬ 
pression, as in fig. 6. < 



fig. 5. 


But when the flattening has attained its utmast limit, 
a mutual pu^h is exerted by the two balls, whicl^ causes 
tljcm to asunder witii the same velocity as that vrith 
which they approached each other before impact, If, 
for example, eacl» ball pa^sessed a velocity of 9 feet a 
,gecond before impact, this velocity is not only destroyed 
in each case, but it is converted into one in the opposite 
direction "; and in this case it k, usual to say that the 
loss of velocity U doub'jed. I kno^ that this will appear 
a new notion of lods to many boys, inaainuch as the 
atfftol'ute after impact are the same as before* 

4'he case may be illustrated by a parl^meotary can- 
didt^te who reckons on the support of a certain voter; 
if^fiie voter dies, the candidate may be taid to lose a 
vote; bet if the voter change his opinion, os our ball has 
changed its direction, and votes for the opposition can¬ 
didate, the.! the loss may be said to be doubled* 

12* In the case of elastic collision, we cannot speak 
of the common velocity after impact, but the gain or loss 
of each ball mest be determined separately* 
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Example 1. Two perfectly elastic balls, A and 
each weighyipf 8 ounces, move in the same direction ; 
B moves witti a telocity of 10 feet a second, and is fol¬ 
lowed by A at a speed of 15 feet a second: required the 
velocity of the two balls aMr direct impact. 

Supposing A and B to be perfectly hard, the loss 
of A and the gain of found, in the maiiper alieady 
described, to b<? each 21^ feet,per second; but in tlic 
c«se of elastic collision, the loss and gain are doubled, 
^hciiee A's loss will be S^feet, and B’^s gain an equal 
quantity. Deducting, therefore, 5 from A's velocity'', 
and adding 5 to B\ we find flie vclocitieti after impact* 
to be 10 and 15* • * " ^ 

13. ThiSi result is worth bearing in mind, for it shows 
119 that A’s velocity after impact is fjie same as B's 
before impact, and that B’s velocity after impact is the 
same as A*s before impact, 'ohis hol^fs good in alJ cases 
where the eIastic*bodies tqfial, and move before 
inipact in the same direction* Two sitch bodies ea> 
change velocities by collision,. 

Example 2. A ball, A, of 9 lbs., moving with a 
velocity of 62 feet a swond, strikes or impinges upon a 
ball, B| at rest, and possessing the same weight os A : 
reqinrM the gain and loss of velocity by collision. 

Here we Jiave th^ momerUuiu of A beffire impact, 

62 X 9 = 5^8; 

and, inasmuch os B has no moving force before impact^ 
this must be the momentum of the two balls after impact. 
PlenceJ supposing tho balls to be perfectly lard, we 
should iind the velod^ afte/* im^ct to be— 



•* 



If we deduct this from A's velo'dty before ini|»act, 
and add it to we should find the loss of tlie foi;mer 


31, and the gain of the latter the eaine quantity. But 
as the balls are perfectly elastic, tfiis gain and loss must 
be double; that is, A’s loss is 62, and B’s^ain is 62* 
But if A's loss be it has no velocity remaining, for 
its velocity before impact was only 62; and thus we 
arrive at the remarkable result, that if elastic body 


j 
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wotion strike another efjuaJ elastic hody at rest^ the 
moving body communicates all its niotiQU to the oiker^ 
and comes itself^ to resL 

14. This result enabJes us to explain an experiment 
often made with a row' of ivory ■ balls, all of the same 
size, aa in fig. 6. 
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Jf the ball A be caused to strike the end ball B, it 
comtnuideates its fnotirn to B, and comes to rest itself; 


B communicates irs motion to C, and comes to rest j C 
coiiiniunicates its motion to D; D to E, and so on to 
K; K communicates ita motion to L, which starts fo3> 
ward., If the balls wer^ perfectly elasii'^, the velocity 
oiL would be precisely-ec^lla^ to that of A at the com* 
menceiuent* 

l^xample 2, A, weighing 30 lbs, and moving at 
26 feet a second, impingas on B, weighing 28 lbs*, and 
at rest: required the loss and gain or velocity by 
collision. 

Treating them as perfectly hard balls, we should 


find the co'inmon velocity after impact to be 13|J; this 
wonlil express B*s gaiA, and deducted from 26 it would 
give 12i^i as A's loss; doubling the.’se numbers we find 
'the loss and gain when A and B are pericctly elaistic, 
i Loss 25/#^^ 

Gain 26|-3. 

By comparing A *3 loss witli A^s original velocity, we 
see that the IfAter is not quite destroyed; in the question 
have supposed A a little greater tiran B; and where 
the impinging body is greater than the ^dy at rest^ the 
motion of the former^ after impact^ is always in the same 
direction as its motion before impact* 

Example 3- A, weighing 8 lbs., and moving at 
12 feet a second, imping<^on B, weighing 9 lbs., and at 
rest: required the loss and gain by collision. 

Supposing the balls to be hard, the common velocity 
after impact would be ; hence A*s loss and 
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gnin would eacf>be equal to 6 ^^; doubling thie we liave 
the gain and loss for perfectly-elastic balls equal to 12 ff, 
If we compare A *9 loss thus found with its velocLry 
^before impact we see tbat tfie former actually exceeds 
the latter. The velocitv before Impact is 12, the loss is 
; this indicates that not only is A's v^^qplty, in its 
first direction, all destroyed, but that it is partly con- 
vftted into a motion in the opposite direction. This^ 
result is also general. If? in elastic collisionj the im¬ 
pinging body bq hss than tlie body at rest^ the former ^ 
is Tejieeted baeJi by the collision, ^ * 

15. To sum up;— ' t 

( 1 .) When both bodies are equals the impinging 
body yields up all its velocity and comes to rest itself. 

(2*3 When the impinging Ijody is its motion 

after impact is in the same direction before. * 

(3.) When the iinpingHi^ 6 ody is leasts it is re¬ 
flected back, along its former path, by the act of 
collision. 

LESSON IT. 

ON TEURESTBIAL GRAVITY. 

1. GHAVixr, as before explained, is that for<y by which 
matter attraefs matter.* If with tiro long strings 
two ivory baits were suspended from two pius, 
as in fig. 1, we should find, if our means of 
measurement were fine enough, that the twp 
balls had approached •each otiier, through th^ 
exercise of the muti*al ay ruction subsisting 
between them. The attractior^ of a suspended 
ball by a mountain has, indeed, been \iccu- 
rately measured. Very exact experimenta have 
also been made to determine the attraction 
of a small ball by a very large and heavy one, 

A beam was suspended horizontally from its 
centre by a fine wire, and, at each’end, a boll 
was fixed; near each ball a much larger tlie 
of lead was placed as in fig, 2 ; and by a 
proper mode of observation,'the exact amount 
of th^ twisting endured by the wire, fti con- Fie*'- 
sequen]^ of the attraction, was ascertainecR Such ex* 
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perimenta were made for rhe purpose -of ascertaining^ 
the density of tlie earth, and it was thus found Ifiat its 
density is about five and a lialf times that of water f that 
is to say, our world weighs as muth, or contains as much 



matter j as five w'orlJs and a half of equal si^ze, and formed 
of common water. Such cx‘|ieHnienta incoutostablv prove 
that the attraction of gravity is not confiried to the eartJi 
as a whole, but is exercised by all its parts®. And be it 
rememlieied, that when we see a atone falling to the 
earth, that it is not the earth alone wliich is the attract¬ 
ing body; tlie stone also attracts tiie earth, bur, on 
account of^^rhe immense mass of the latter, its nmtion 
towards the stone is ;'o small as: to be ineapahle of 
observation or measurement.* 

2, In considering the motion of any body, three 
things aire to be taken into account: 1st, the space^ 
over which the body ^ moves; .2nrt, the time of its 
motion ; 3rd, the telo^ty with wjiich it moves. 

3. When the motion^ of the body b such that it 
passes over e(!|hal distances in equal times, the body is 
said to move with a uniform velocity, for example, 
we ^possessed a surface perfectly smootli and hori- 
zoflfal, and also a ball perfectly smooth, such a ball 
upon such a surface, when once set in niotioti by a 
sitigle stroke, w'ould, as already explained, continue to 

* Experiments have hcen mode gui le recently by the Astronomer 
Royal to determine the density or the earth. His method is to 
observe the differenee between the rate of vibration of a pendulum 
at the top end the J*oUotn of the ehatitef adeep mine. The calculi 
Hons are not vtt quite finishedj but they will probably show the 
earth to be a Uttle more th&n six time* the density of 
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move without al/eration of velocity* lo this case, the 
force acting" upon tlie ball, is what is called an instan* 
ianeous or hfipuhive force; it consists of a shock, the 
motion impressed by the shdbk being retained by tne 
tiall without increase or diminution. The ball moves 
Vitb a uniform velocity** 

4. But the action of terresj-rial gravity is not an 
action of this kind ; it does not impart a shock and 
Jhen cease : it is a continuous force, and not an instan-' 
taneous one. If a stone be let fall from the top of a* 
high tower, gravity acts upon it during the whole course 
of its descent, and the consequevjce is that tlfe sjone 
moves quicker and quicker the longer it is in motion : 
—it moves with an accekrated velocity.. 

In like manner, if the stone bo projected upwards, 
its ascent is of^osed by gravity ; in cijnseqnence qf this 
it moves slower antf slower,<u]|(l finally cca.scs to ascend ; 

■—it moves with a TClarded velocity, 

5* In the case of uniform motion, if the velocity of 
a moving body, and tlie time •of its motion be given, 
the space over whicli thf body has movctl will be found 
by multiplying the velocity by the time. Thus, sup¬ 
posing a body to move at the rate of ten feet a second, 
and that it hod been, in motion for seven seconds, the 
space over which it passed w iTl be 

10 X 7 = 70 feet. 

It is also plain, tliat if tlie space and the velocity* 
be given, tlic time of #he body's motion will fce found 
by dividing the space by the velofity* Thus, supposing 
the space through whien a bddy has moved to be seventy 
feet, and its velocity ten feet jfer second,^hen the time 
of its motion lias been * 

70 -f- 10 =7 POConrU, ^ 

And if the space and tlie time be givew, the vrlosit}^ 
is found by dividing tlie space by the time. Thu'^, if a 
body has moved through the space of seventy feet, and 
been seven seconds in motion, its velocity has^ been 
70 7 = 10 feet per second. 

6. To sum up;—it is plain that if of the three quaii'- 
titles, space^i ftwe, and velocilpf any two bp given, then in 
the cd'^eof uniform motion, the third may easily be found. 
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7. Investigation op the Laws of Faixino Boi>ies, 
'—^It is probably needless for me to tell tKe reader of this 
book what a rectangle is ; that it is a four-sided hg’urcf 
whose angles are all right angles, shaped, for example, 
like a sehool slate ; and that the area is found by muU 
tiplying the length of the rectangle by its breadth, 

8, Nowi la the case of uniform motiju, if we suppose 
the velocity to be represented by one side of a rectangle, 
hnd the time of motion by another, the space tlirough 
which the body has passed, will be represented by the 

' area of the rectangle. 

Supposing, for example, in fig, 3, A P to represent 
the velocity 10, and b v the time of motion 5 ; then it 
is evident tliat the product of 10 ami 5, which is the 
area of the rectangle, will also denote the space tiu'ough 
which the'body has passeu. 

A_,_P »Si,^ppofiing, however, that 

after the bmly has been 5 se¬ 
conds in motion, it receives a 
^hock which increases its velo¬ 
city from 10 feet a second to 

[} -c 15 feet*a second; and that it 

moves miiforJiily with this 
newly-acquired velocity' for tlie next 5 seconds, at t!ie 
end of which it receives another shock, which increases 
its velocity from 15 to 20 feet a second, moving uni¬ 
formly with this new velocity for the succeeding 5 
seconds ;, supposing a motion of^ this kind to continue, 
suddenly incr^sing at-the end of each 5 seconds, by 
tile same fixed quantity, 5 ' feet, ft is evident that the 
entire apace p.'ussed ovei, in this case will not be re¬ 
presented by u single rectangle, but by a series of them. 
Thus, let A B, fig, 4, represent tlie veloctty at the com- 
uieucement, the rectangle a b c i> will represent the 
eprfce passed over in the first 5 seconds; the velocity then 
k^comea greater, and must be represented by a longer 
line D e; the space passed over in the next 15 seconds 
will be represented by the rectangle b £ f o s in like 
manner, the space passed ,over in the third period of 
5 seconds will be represented by the rectangle f h i k ; ia 
the fourth period by the rectangle i jl m n ; the entire 
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Bpac€ over in the whole 20 seconds will there¬ 

fore be represAited by tlie fig;ure a m n H £; B. 

9. We will now suppose 
the velocity at the conynetio*- 

^ ment to be much smaller 
than and 

wHTthereibre represent it by 
^much shorter line ; and also 
that the acceasioris, or incre- 
' ments of velocity, take place 
at shorter intervals—say at 
intervals of a aecond-^these 
increments being proportion¬ 
ately smaller tfiaii in the former case. It js evident, 
that, proceeding as before, we should find the whole 
space passed 9ver to be represented by the area of such 
a figure as a b m ja, fig. * 

Now, it is plain that this ^ ^ 
figure approaches mucli nearer 
to the shape of a right-angled* 
triangle than the last one ; and 
a little reflection will* render 
it evident that if we make the 
commencing^ velocity still 
smaller, and suppusd the in¬ 
crements to follow each other 
more quickly, that we should 
obtaiij a still closer approxi¬ 
mation to a triangle, * 

10. for example, the 
commencing velocity were^ 
almost nothing, the length of a b would be almo|^t 
nothing also; and if the commencing velocity were 
really nothing, a b would lose all length, ajid d^nncfle 
to a mere point, a, fig, 6, And supposing the incre¬ 
ments of velocity to take place in the thousandth or 
millionth part of a secondj instead of a whole second, 
it is plain that tiie stair-like appearance between n and n 
(fig* h ) would almost wholly disappear. And if the little 
shocks which produce the increments of velocity take 
place instantly one a^r the other, so aS b^melt into u 
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continuous pull^ the steps would vanish altogelher^ and 
the whole space passed over would be represented by 
the right-angled triangle a m n (fig- 6,) 

^ r we suppose a body 

V to be let fall from a state of rest^ 

^ ^ and drawn i?o the earth by gravity, 

^ ^ it is exactly hi thenponditioii which 

we have last supposed: the com^ 
niericiiig velocity is nothing, and 
tire force acting upon it is a con- 
tiniions and constant pull j hence 
' tlie whole space passed o\‘^t by a 
~ falling body is accurately lepre- 

sented by the area of a right'angled 
il' triangle. Tiie establishment of 

this principle placcj it in our 
pew^^r to- solve a great number of 
interesting question relaiiug to terrestrial gravity. 

A 12. Let the line a g, fig. f, re- 

\ present the time of a body*6 fall, 

ft, \h and let this line be divided into 

\ equiil parts, ab, bc, uh, n k, 

c -A* L p, p G, which shall express the 

\ seconds of the body’s fall; the 

norizontal liues will then re- 
\ pi'ceent the velocity of the body 

at the corresponding timea 

f. _L_\)« ^ expresses the veio- 

y ^city at the end of the 1st 

_JiiN secofld ; c'l Il*e velocity at the 

Fig. 1, ei-d of the 2nd second ; and so 


on to G If, which expresses the 
velocity at the end of the 6th second. Th! little triangle, 
A B n, will then represent the space passed over in the 
ist Second 3 the four-sided figure, s c i h, will represent 
the space passed over in the 2tid second ; and each of 
the sueceed[ng four-sided figures w'ill represent the space 
poi^sed over in the single second to which it corresponds; 
the figure f m a n thus representing the space passed 
over in the 6th ^econd. 

13. I must here caution you against confounding tiie 
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Bpace passed ov^ m the 6th second with tiie space passed 
over in 6 aeconds. The latter sj[iace is evidently formed 
by adding all the spaces passed over in the 6 single 
seconds togctlier; in *othe:P words, the space passed 
over in 6 seconds is represented by the triangle AON. 

H, Relation of TiAe and Stacb,— 

We will now coApare the spaces passed 
ofer in the single seconds wi!h each 
other; and to render the.process more 
simple, we Avill at present, coofizie our 
selves to the first two seconds* Draw 
the line ii Oj fig* 8, parallel to ft r:j*a)id 
join the points bo* Jt is perfectly evi* 
dent that tlie triangle b ir o is equal fo tliC triangle hot, 
and also equal to e c o ; or^iri other words, the three 
tmngles into*which the second spajje is divide^ are 
equal to each othef. It fts Jjlain that the triangle 

B n o is equal to A B u, for the line JQ il divides the four¬ 



sided figure A B H o into 
two equal parts; hence, we 
conclude that the space de¬ 
scribed by a falling body in 
the Sfid second of its fall, is 
exactly three times thy space 
passed through in the 1st 
second. 

And if, by following ont 
the process just des^;ribed, 
we divide otir wiiole triangle 
into a number of smaller 
ones, as in fig* 9, each equal 
to a b hf the mere in¬ 



spection of such a triangle will show us that the space 
passed over in the 3rd second is times the space 
over in the 1st; that the space passed over in the %th 
second is seven times that passed over in the 1st; tliat the 
space of the 5th second is nine times that of first; and 
the space of the 6th second eleven times that of the first. 
Hence, we arrive at the ioiportarit conclusion that the 
spaces described in the succeeding secqtids increase in 
the ra^o of the odd numbers 1,3, 5, 7j9, 13, 
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We shall tiow consider the spaces pa^^scd over^ 
not in the seconds taken singly, but in any number of 
ifjcm taken togetiicr. 

If the space passed ove£^ • 
in the first second be - 1 

then the space passed over 

in 2 seconds 'will be '1 +3 = 4 

3 3, — l-|-3-h5"9 

4 3 ^ ~ l+d+5+7 = l6 

and ithna we might proceed for any number of seconds. 

Banging the times in one column and the spaces 
in B^otljcr, we shall 'and that we have arrived at a 
remarkable and most importajit result. 




'I lines. Spaces, 

1 1 ^ 

2 4 

3 ' "Q'f ‘. 

4 16 

&C. (See, J 



A glance at these figures will show us, that if we call 
the (ipace pase^ed over in the 1st second 1, the spaces are 
equal to the squares of the times^ I'hus, the sqiaare of 
1 = 1, the square of 2 = 4, the square of 3 = 9, and 


GO on. 


IG. But we must now be more precise. We have 
'supposed the space passed over in the 1st second to be 
1 merely; for the sake of simplicity; the actual, space 
passed over must, of i^iourse, be determined by experi¬ 
ment; and from the most eicact experiments it has been 
ascertained that the spaco passed over by a body during 
the ist second of its fall amounts to a little more than 
i6 feet; the fraction above 16 is small, to facilitato 
our^dalculationa, we will neglect it, 

17. We now come to real practice. Referring to 
fig. 9, it is evident that, no matter wha.t the space 
passed over in the 1st second may be, the apace passed 
over in the 2nd second will be three times as much, in 
the 3rd second Jive times as much, and so on. Hence, if. 
we multiply th^ series of odd numbers at the bottom 
of the fourteenth paragraph by 16, we shall find the 
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spaces actually passed over by a falling body, (iuring the 
successive secouds of its fall. Tliese spaces are— 

16x1= 16 
16x3= 48 
16x5= 80 
16x7= 112 

<&C* 1 • 

It b also eviSent thaty as* we liave increased the 
afea of each little triaiifjle from 1 to 16, the wliolft 
t space pas&ed over in any mjmber of seconds will be 16^ 
times what we have found it to be in the table marked « 
A, p- 36. The spaces will be no Igng^r eqvoi to the 
squares of tlie tinicsj but proporttoyial to the squares of 
the times. The space passed over in 3 seconds, for ex^ 
ample, will not bo 9, but 16 times 9; tltt space passeil 
over in G secomls will not 36, but 16 times 36. 
Hence the folfcwinff important^ractiaal rule, whfere it 
is desired to find, from thj time of iU fall, the space 
through which a body has fallen :— 

18. Multipli/ the square of the time m seconds hy 
16, the product is flie space passed through hi feet. 

lly means of this siiijple rule we can solve a great 
number of interesting questions. 

Exdmple L A stone let fall from the fpp of the 
spire of Salisbury Caihedral is 4 seconds iti reacliing 
tiie bottom; required the height of the spire. 

6 ' = 25 

25 X 16 = 4(X) feet. ^ 

Exo;mple 2, An ei*gineer requiring to krtow the 
depth of a coal-shaft, jnd having no string to measure 
U, let a stone fall Into the shaft, and observed that it 
required 4 seconds to reach the bottom ;Veqmred the 
depth of tlm shaft. * 

4 ’’ = 16 

16x16 = 256 feet. \ 

It may be remarked that the writer himself was 
once in the position hero supposed, and found the know¬ 
ledge of the rule which we are now discussing extremely 
useful to him. 

19. If the problem be reversed, and the space be given 
to find the timCf we must, of course, reverse our calcu- 
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latioti. SupposinjT we have the height of Salisbury 
spire given = 400 feet^ the time of a- body’s descent 
would be found as follows 


V 25 = 5 seconds 

or, exprcssAl in words,— 

20* Divide tkc given spa^e by 16, and extract (4a 
equate root; the quotient will be the time in seconds. 

Example 3, A stoEie is cast from a boy’s hand ver¬ 
tically upwards and returns again to Ids feet ; the time 
occupied by the on its journey, up an<i down, is 

six seconds* To what height did it rise ? 

In this case the stone, as it ascends, moves with a 
uniformly retarded velocity, finally cornea to rest, and 
then returns upon its path. It descends with a uni¬ 
formly accelerated the san:e time being orcu^ 

pied in the descent as the ascent. Hence, the problem 
resolves itself into this one; given the time of a body’s 
descent three sseconds, required the space tlirough which 
it has fallen :— 

3’= 9 

9x 16 = 144 feet, g 


which is the height wldch the '^tone haa ascended. 

21. Relation op Time and VEiOciTv* —In these 
, examples we Jiave confined ourselves to the relation 
between the space and time* We shall now endeavour 
to obtaii a clear notion of the law by which the velocity 
is regulated. ^ 

Let the line a fig* 10, represent, as before, the 
time divided' into seconds \ the line b A then representa 
^ the velocity at the end of the 1st ¥<:ond; the line 
e * represents the velocity at the end of the 2nd second; 
hiTi. it U evident that the line c i is double of the line 
A A, or, in other words, that the velocity at the end of 
the 2nd second is double of the velocity at the end of 
the 1st. Ill like manner, the velocity at the end of the 
StcI second is three times^ at the end of the 4th second 
four tintee^ at the end of the 5th secondare times^ and 
at the end of theGth, tix times the velocity at the end of 
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tho 1st secontl; tha,(: ia to say, the velocity increases In 
the same ratio the time^ or is proportional to the 
time^ 

22. If, then, we know the velocity at the end of 
tlie 1st second, the vfelocitj at the end of awy other 
second may be easily found. But here it is of the 

* utmost importance that we should have a pcffsetly clear 
notion of what is now intended to be expressed by the 
wfird velocihj. Supposing at the end of the 1st second,, 

f the action of gravity to cea«e suddenly, the body would^ 
move lorward widi the velocity wliicli it had acquired 
at the end of tlie 1st second ; but thi^ velocity ^vonld be 
no longer accelerated ; it woulti* be uniform^ for* the 
continuous pull which causes tlie acceleration would be 
absent* Thus the velocity which a fusing body pos¬ 
sesses at the end of any time i| the velocity with which 
it would proc?eed nnifbmily, sifprosing the action of 
gravity to cemc at*that paHiwular time* 

23. Now, as before observerl, the space described by 
a body moving at a uniform velocity is represented by 
a rectangle, one of whose sides denotes ihe time, and the 
other the velocity* Tli^ little rectangle bekp^ fig, 10, 
therefore, represents the apace passed over by a body 
moving witli the uniform velocity b A, during the lime 
h V. But b c representi^one set^ond^ and A A is the velocity 
at the end of the 1st second; consequently the rectangle, 
b c h the space through 
which the body would move 
in the 2nd second, if tbs action 
of gravity were to t^ase |t ^ 
the end of the 1st, But b v hp ^ 
is equal to twice the triangle 
a b A, and since abh represents 
the number 16, b c h p will 
represent the number 32; it e 

is, tiierefore, proved, that sup¬ 
posing the force of gravity to / 
cease at the end of the 1st 
second, the body would pocsess 
a velocity sufficient to carry 

it, in the next second, through a space 32 feet; in 
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otlier words, it would possess ii velocity of 32 feet a 
second* 

I know that boys usually find a difficulty in distin^ 
guiflhing' the space passed over in the 1st second from 
the vehjcify acquired at the end of the 1st second. If 
must be reniemberc-d tliat, in^the 1st second, the body 
cotnuiencta I falling from a state of rest, anti gradually 
increases in velocity j that, in fact, the first 16 feet are 
tfiot described at any particular velocity at all, it^oV, 
.when a velocity is said to amount to a certain distance 
per secoiidj it is a uniforni velocity which is always 
meant, and it would, therefore, be totally erroneous lo 
say I that the body moves through the 1st second of its 
fall with a velocity of 16 feet a secotul; these 16 feet 
are, on the contrary, the space described on the Ist 
second by the body mo; ing with velocities gradiially 
increusiiig from 0 to ^32* ^ 

24* We must, tbetij regard the line 6 A as denoting the 
nuniber 32; but here it may be demanded, how is it that 
the line b h must be regarded as 82, when a moment 
ago it was stated that the space A c A^ is 32? Both 
statements, however, are perfectly consistent with each 
other; for, the side b h being 32, and the side = 1, ua 
we suppose it to be, the area of the little rectanirie will 
be 1x32 = 32, 

In like manner the base h h being 32, and the height 
t a 6 = 1, the area of the triangle ab k\% 16, as it ought 
to be, AVe must not forget that the sides of a triangle 
or a reclangle are expresseif in (Jiiits of length, liphereae 
the area is expressed in units of surface; and, in our 
case, the units of lengtl^ express time and velocity^ while 
^^the units of surface express space^ 

2&. It being thus established thafc the velocity at 
the end of the 1st second is 32 feet, the velocity at the 
e*id of any given time may, as before sikown, be found 
by multiplying the given time by 32 : thus, the ve¬ 
locity at the end of 3 seconds is 96; at the end of 6 
tieconds it' is 192; at the end of 10 seconds it is 320, 
and so on. If the velocity be given, we find the time 
necessary to produce it by dividing the velocity by 32. 
Thus, for e^mple, a velocity of 320 feet a second 
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requires 10 seeotida’ action to pioduce it, a velocity of 
384 feet a Recoiitl requires 12 seconds, and so on. 

Example 4* How many seconds must a body tall 
Lq acquire the velocity of a^4'Ib* cannon-ball, whichj 
fording to the table at page 16, b 2400 feet a 
id ? * 

Heife = VS^oonds. 



^ Example 5, Through what space must a felling body* 
pass* in order to acquire the velocity mentioned in the* 
last question ? , 

When the time is given, it haf affeady been shgwn 
that the space is found by multiplying the square of 
the time by 16; hence, finding the time* as in the last 
question^ the rule referred to may be applied j— 

*75* = 6625. * * 

56^5 X 16^90,<J0(} feet. 
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ZiiESBOK Y. 

MECHANICAL PROPERTIES OF LIQUIDS. 

1, What constitute a is preeented to 

us in three different forms, the solid, the liquid, and tfee 
' gaseous or aeriform. No one of these forms is constant; 
by the application of heat the solid form may be con- 
verted'mto the liquid or gaseous, and hy the application 
of cold, liquids, and even gases, can be converted into the 
solid conditioi^ Although tliere is no dlfhculty in dis¬ 
tinguishing liquids frotq solids or gases when we see 
tbein, still it is not very easy to define in a scientific 
iimuner what a liquid I'C^lly is. In books on natural 
philosophy we usually find it slated tliat the molecules 
of a liquid body have no tendency, like those of a solid, 
to cohere, and thjit ihej are separated by the least force 
applied to them. But this can^pcarcely be accepted as 
a correct definition ; for the following reasons :— 

3. Every boy knows what a soap-bubble is, and that 
when the' pipe from which it blown is inverted, a 
drop, sometimes a large one, depends from the lower 
portion of the bubble. Now when we compare the 
’ weight of this drop with the thinness of the film which 
supports it, we must come to the conclusion that the 
strength of the film,'•or in other words, the force hy 
which its particles cohere,"is really very great. But it 
maybe urged, that the film referred to is not one of 
I water, but of soap mixed with water ; #iereis, however^^ 
eve^ reason,to believe that the soap merely serves to 
dimmish the mobility of the particles, without increasing 
tUeir dihesion* 

3. But we do not need soap to prove the strong cohe¬ 
sive force liquids: if water be boiled for along time so 
as to expel the air which it always holds in solution, the 
ccdiesion of the particles becomes so great that you can 
£11 a long tuh^ with the liquid, turn it upside down^ 
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9 tid the column of liquid will remain fixed in the tube, 
supported by its own cohesion. Water thus prepared, 
when enclosed in a vessel void of air, requires a far 
greater heat to make it boi)^ or in other wortis to tear 
g its particles asunder s^o as to cause them to assume the 
form of steam, than ordinary water; and when it does 
boil, we do not ^nd it commencing by a gentle ebuIIU 
tjon, but suddenly, as if a spring were broken, the 
cohesion is overcome, and the heated water explodes 
'like gunpowder. * , 

4, We probably obtain a more correct notion of the, 

nature of a liquid than that comntoidy entertained when 
we imagine its particles perfectly free to sUde*over 
each other in every direction, though the force which 
resists the tearing asunder of the partidles may be very 
great. Accfgding to this vi£W it is not the absence of 
coliesTon, so much the abjenpe af which 

distinguishes the liquid condition. 

5. Ztiqftids transmit pressurct equally in all direc~ 
tiens .—Tfje most remarkable property of liquids is the 
power whicli they possess of transmitting pressure 
equally in all directions., Let a b c d, fig. 1, repre¬ 
sent the section of a cubU 
cal vessel \^th tubular 
af^ertures in its f^ides. 
Into these tubes let the 
pistons e, hi; waterr 
tight, and let jhQ vessel 
be filled with tfater until 

. the surface of each piston 
^bali be in contact witii 
the liquidT If the pistoj^ 
a be now pressed down¬ 
wards with any fon^ say 
^ the force of one poiatid, 

this pressure is not only transmitted to c, which u 
vertically under hut also to b and d. If the pistons 
be all of .the same size, it would require*a force of 
a pound at d, c and to prevent these pistons from 
being'forced out^ Now^ no matter where we may sup¬ 
pose our pistous to be placed^ the saiAc ^ilect would 
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follow: so lhat if the piston a present an area of one 
square inch, a weight of one pound at d^woald prcHliice 
a pressure of one pound on every square inch of the 
interior surface of the veas^* 

6. If the pistons be not of the* same size—if the area , 
of for example, be two square iiielies instead of oner— ^ 
then a foroe^of one pound acting on d;would produce a 
pressure upon d equal to two pounds. In this case 
therefore a force of two pounds would be required at 'rf 
to prevent the piston from fading forced out. f* 

* This is a point of considerable mechanical interest, 
and it js»therefore important to make it perfectly clear. 
Let *A B c D, fig. 2, *be a closed vessel having two 
cyiiiiders and d' of unequal sizes passing through the 
top. Into tbe^ cylijiders let the pistons a and b fit 
water-tight; sup¬ 
pose die area of « ^ 
to be one square 
inch, and of b to be 
five hundred square 
inches : then if a 
force of one pound 
be applied at a, a 
pressure one 
pound will be ex- 
erted on every 
•square inch of tlie 
interior qf the ves^ 

sel, and hence a pressure of 500*lbs, wilt act upon the 
under surface of the pi^on 4 To prevent the piston from 
being forced upward, weight of 500 lbs, must be 
j>laced upon fi* If, while things are in this state, an 
additional force of a pound be applied at a, the weight of 
500*lbs. will be thereby lifted. 

i?. JTie ITifdrost€Uic Paradox. —Th6 fact of eo small 
a force being able to.raise so large a weight baa given 
to the experiment which'we have just d^cribed the 
tigme of Hie hydrostatic paradox; but let us examine 
wherein this paradox consists. When the piston a 
descends, it is true the piston b is mised; but haw 
nwck is it misld? Suppose a to be pressed downwards 
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through the sp^e of 1 inch ; a column of water which 
fills this space will be forced into the cylinder But 
as 5 is 500 times the area of the little column will 
fill only the ^yth paat of %n inch of the cylinder b ; 
•that IS to say, when the piston a is pushed down a full 
p inch, the piston b rises duly -j-ioth of au inch^ Now the 
magnitude of thft effect produced must be estimated by 
the height to which the weight is lifted, and we see 
that although the tDetffht^ Is very great the height is 
very sniall, the space passed through by the large pistoA 
being to that passed through by the small ope in I ha* 
inverse proportion of the area of tITe former to tl^t of 
the latter. These considerations show that the experi¬ 
ment is in reality no paradox at all. . 

6- It is indeed no more a paradox than an experiment 
which boys make every day wfth a see-jjsaw ; for here it is 
well known that ahy boy, Jiqjvdvtft' small, may be niade 
to balance any boy however large. I will o^k you to 
imagine a see-saw, each of whose arms measured from 
the centre is 500 feet long. Ijet a boy one pound in 
weight be conceived to sit upon the extreme end of the 
plank, or in other worrfs 500 feet from the centre ; the 
chapter upon levers will show you that this boy will 
exactly balance ano^iier weighing 500 pSunds, and 
sitting at a distance of one /oo? from the centre. Of 
course the weight and distances here supposed ore quite^ 
absurd, but I choose them because they are the same as 
those used in the case^f the paradox/^ U^re, then, 
we have a weight of.l lb, exacMy balancing a weight 
of 500 lbs,; and if i/hile tilings are in this balanced 
condition a pound weight be fffticed in tHe hand of the 
small boy, he will sink and lift the other. But if w^ 
observe the space through which both boys pasj, we 
shall find that the s[nall boy must descend through 600 
inches in order to lift the la^^e boy 1 inch i it is evi¬ 
dent that the case is very simih^ to that of tlie hydrostatic 
paradox. • 

9, 77ie Hydrostatic Sellows. —If instead of plactiig 
a pound wfight upon the piston a, fig. 2, we poured 
one pound weight of water upon it, tiio rfect would of 
course be the same; and it is manifest that the result 
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would bo in no way alteml if the piston a were entiiiely 
removed, and the water " “ 

simply poured into the 
tube which containa the 
piston; the liquid thus 
poured in would raise the 
piston ft* This principle 
is applied in the coristruc- 
fion of the hydrostatic 
bellows^ a sketch of which 
'is given in fig* 3* The 
bellows ' are macte like 
those of an accordion or 
concertina* A ^and B are 
boards which are united 
by fie^ihle leather: at 
a tube is inserted whi&h ^ 
bent upward to u. On 
the board a weights are 
placed, and into the tube 
0 T water is poured; this 
water enters the bellows 
and raises the weights* , 

10.. Let SA9 now suppose the two cylinders and d\ 
fig, 2, to be prolong^ 
to the bottom of the ves^ 

^ei so as to form two 
separate icyiindera, as 
^own in fig, 4, and lei 
these two cylinders be 
united by the c?en pas* 
tage pt It is evident 
that all that has been 
said^garding fig, 2 ap- ** 

pli^s also to fig 4, WheHjj^ is pressed down, the water 
will be forced through p into the other cylinder; so 
that a pressure of a pound at a will, as before, produce 
a pressure of 500 lbs, on ft, 

IL Another step carries us to the cons|ruction of 
the welbknown ^hydraulic press, or Bi^mah's press, as 
It is sometime *caUed» which I hope you will now find 
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little difficulty in understandings A simple form of 
the machine is* sketched in fig* 5« c and d represent 



Ffg. 5, . 

two cylinders as before; c however now dips into a 
cUtern of water w, while d terminates at the top of the 
cUtern, ( ETL is a strong upright to which the lever l h£ 
is attached by a pivot at l: a pin p connectsithis lever 
with the piston a of thb small cylHiderj and it is.evident 
that by raising or lowering the end m the piston may 
be caused to ascend or descend. At v in the cross 
passage b a valve which opens towards o, mid at s 
at the end of the smalPcylinder another valve which 
opens upwards* Aitaoiied to the piston-rod of 6 is a 
strong metal plate m which, otcourse, rj^es and sinks 
with the piston underneath. A B e f is a strong 
framework, the top A b of whjph represents the section 
of a second strong metallic plate* \ 

12* We will now describe the action and use of tlilh 
instrument- . When the piston a is raised, it is pbin 
that the water wiU follow it through the valve g as in 
the case of a common pump* When the pbtin ceases 
to ascend, the valve 9 falls by its o^n weight, and thus 
prevents ihe^water from returning to the cistern w* 
When therefore the pistoti a is pushed dow^ards, the 
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water is forced through the valve v into the cylinder 
and is prevented from returning; by tJi'o closing of r* 
On raising the piston again, the valve f opens and the 
cylinder c is filled with which by the descent of 

a is forced into the cylinder d as before. It is evideJii^ 
that by a succession of plunges we gradually raise the 
"piston h attd-the plate above it, and tl\at if any body be 
placed in tlie space e, it may be forcibly squeezed be¬ 
tween the plates a b and If, as already supposed, 
the piston i be 500 times thO area of tiio piston a, then 
a pressure of» & lbs. exerted on a will produce a pres¬ 
sure of £,500 Ibsi ai hence is capable of pressing 

the body placed above m with a force of 2,500 lbs. 1 
have intentionally made tlie figure as simple as possible, 
it being my object to make the principle perfectly clear; 
in practice the machine h variously constructed, but if 
the pjpil understand^. above dest^ription thoroughly, 
a little reflection will enable Mm to master the most 
complicated machines of this description. Ac c there ia 
a cock through which, '^hen it is required to empty the 
cylinder p, the water flows back into tlie cistern. 

iiEsaoiff 

pressuhe and displacement. ^ 

1. I^ressure of a on the sides and bottom of its 

containing 'oesseL —If a cubical vessel contain a solid 
■-mass which Alls it exactly, the sides of such a vessel 
may be treinoved, while the mass within it retains iLa 
^position,' and presses with &1D its weight upon the 
bottom of the vessel. Tlie sidas do not at all contri¬ 
bute to sustatp the maae, and whether they are present 
absent, is a matter of iudifierence. If, however, the 
same vessel be filled wit}i a liquid, the sides af% neces^ 
to preserve the shape of the mass; the liquid 
exerts a pressure upon the sides, and if the latter were 
removed would inevitably flow away in all directions. 
It is evident, however^ that'the sides, being vertical, do 
not contAbute to the support of the w'eight of the 
liquid, but that, just as in the case of The solid body, 
the bottom of the vessel bears all the weight. The pres¬ 
sure, then^upbn the bottom of any vessel with upright 
sides is equal to the weight of the liquid within tb^ vessel. 
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2, Now It is a Bing’Ulat consequence of the properly 
possessed by liquids^ of transmitting pressure in all di¬ 
rections, that the pressure upon the bottom of a vessel of 
any shape whatever is equal to that exerted on the bottom 
of a vessel with nprfght sides, provided only that the 
bottom of the latter ia of the same area as that of the 
former, and that both vessels are filled to same height 
with liquidp TFiis is proved by means of the apparatus 
fetched in hg. Gi a b c is a bent tube, furnkhed at 



A witk a qollar, on which vessels of different shapes 
may be screwed wator-tight, l^ppositig llte tube to be 
filled with mercury up to A, the mercury will stand at 
tlie same level c in the opposite arm of the tube. Th^ 
point c being careftilly marked, let the cylindrical 
vessel'^ be screwed on to A* If water be now poured 
into say to the hqjght it^^ill cause the column 
in th€ other branch of the tijJ>e to rise to A, the ascent 
being evidently due to the pressure of ^he water upon 
the surface of tlie mercury underneath* Tiie point J 
being carefully noted, let g be now removed, and Jet 
the vessel m or n be screwed on to a ; let watet,be 
poured into it until the height of the surface of the 
water above that of the mercury at a is the same as it 
was in the last experiment- On observing^ the other 
branch of the tube, it will be found tliat the height 
through which the column has been elevated is exactly jhe 
same as before ; A will mark the summit of the column* 
3. ^ence we aee tJiat the pressure upoft the bottom 
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is influenced only by the height of the liquid column 
and tlie area of its base. The prea^sure on^iiie bottom of 
any vessel, no matter what may be ita form, is always 
equal to the wei^lit of a cylinder of the liquid, with a base 
equal to the bottom of the vesscl/hnd a height equal to 
the height of the water within it. The pressure is 
wholly inclftp^ndent of the quantity of water as long as 
the bottom is of the same size, for we have seen that the 
bpttom of the vessel m, fig. 6, susiaina precisely the 
eqme pressure as that of ?», altlmugh the quantities of 
.water which the vessels contain are very different. It 
is tiius e\edent that J>y suitably choosing the shape of a 
vesseb we may produce an enormotis prepsiire with a 
single pint of water. Supposing, for etample, that we 
choose a vessel'.vith a square bottom, which measures 
4 juchea every side, tlie area of tliis^bottom is 16 
square'‘inches; and if the vessel be so liarrowed up¬ 
wards that when the phit cof water 
is poured into it the surface shall be 
two feet above the bottom, the pres¬ 
sure borne upon the botfom in this 
case will be fully fifteen pounds, for 
tliis is the weight of a cylinder of 
water whose base is 16 inches and 
height 2 fe^* 

4. We here see very clearly the 
^planatioTi of an experiment cited 
in some oM treatises on natural phi¬ 
losophy, and which at first eight seems 
*very startling. A stro% cask a ^gas 
filled with water, ^nd through thi 
cash*was introduced a long tubeecf i 
dn pouring water into the narrow 
tube,^he cask being unable to resist 
the^T)ress«re thus produced, burst 
asunder. Supposing such a tube to nir. r. 
be 18 feet long, and to possess a section of 1 square 
inch ! wheft filled to the top with water, the pressure of 
the liquid cylinder at the point c would be equal to its 
weight, which la about 8 pounds. This presAare would 
be transmitted to every square inch of the interior aur* 
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face of the caskj and supposing the number of square 
inches to be 7OO0, which is quite within ordinary boundSj 
to preserve itself from bursting, the cask must foe able 
to bear a pressure of 56,0004bs.; this enormous effect 
being produced by the judicious disposal of a very small 
quantity of water. • 

5, The pressuTt of a liquid is not, howev^r^ confined 
tojthe $idea and bottom of the iTessel which contains it^ 
but every portion of the Iwpiid mass itself sustains a* 
pressure which depends upon its depth below the sur^* 
face, A flat fish, for example, swimming at a depth of 
32 feet below the surface of the^sea, sustains the 
downward pressure of a column of water whose 
covers the fish, and whose height is 32 feet. If the 
back of the little fi*sh be 12 square incTics in area, it 
will, at this dtpth, exist undei^a elownward pressure of 
ISU pounds, and itpmay askeci^ wfty does not the 
animal sink under tins pressure? The renson is, tJ»at 
the Tfah is pressed as much upwards by the water as 
downwardsi, and these two oppimite pressures balance 
each other, so tliat the fish moves as if it suiTered no 
pressure at all. The being thus squeezed, it may 
however be asked, why it is not crushed to pieces ? the 
reason is, that the tissues and liqijids which constitute 
tlie body of the fish exert a procure against the sor^ 
rounding water equal to that which it exerts against 
them* The materials of which the fish is composed ' 
are, lik^ the water itsglf, almost perfectly iiiflompres^ 
sibJe. Some fish, indeed, are femished with air-blad¬ 
ders, and when such fish s^^Lm at great depths, the 
bladders are very much comprtssed ; thtt^ consequence 
is, that when suddenly removed from those depths by i 
the hook of the fisherman, the air-bladder swells like a 
balloon, and thus causes the appearance which *we 
observe at the fish-stalk, where the stomach of a fish4s 
often seen forced through its mouth by the distension 
of the air within its body* ^ 

B. Compressibility of WaUr. —In connexion with 
this portion our subject it may be asked whether 
Water itself is not much compressed very great 
depths^ So amaJl is the compressibility*of water. 
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that it was for a loti^ time believed to be absolutely 
incompressible- An' experiment was'once made in 
Florence which is very celebrated in the annals of 
science. A hollow sphef^e gold was filled with 
water and carefully closed, Now it is a geometrical 
&ct that a Bphere takes up more space than any other 
body wiudJi'^possseses a surface of the.^ame area i hence 
if a hollow sphere be cahsed to change its ahape^ with- 
tjut either stretching or shrinking^ the new shape will 
wcupy less space than the old one. I'he aim of the 
Florentine experimenters was to squeeze their sphere 
of gold so as to make H change its shape, for they knew 
if this were effected, that the water within tlie sphere 
would be compressed into a smaller space. They found^ 
however, tliat they could not change the shape of the 
apliere, althougft the pres^^^ure appli^ wa;, so great as to 
cause the liquid to o^ze through tlie pores of the gold, 
and to collect like dew upon its surface. A similar 
effect was observed very recently in Manchester, during 
some experiments made to determine the influence of 
pressure upon the melting points .of solids. Melted 
spermaceti contained in a brads cylinder was subjected 
to a pressure so great that the liquid was fo^ed in 
invisible j^ts through the pores of the brass until the 
cylinder waa quite emptied of its contents, 

7, It ia now known, however, that iiqiiida are cora- 
‘pres&ible in a small degree, and various 
instruments have been constructed to de¬ 
monstrate the fact, Ferhaps the simplest 
proof IS the following:—A vesfel rf, Jig. 8, 
carefully filled with water, has a solid 
(.plunger p entering through Its neck; on ^ 
the plunger, and immediately in contact ^ 
wit6 the mouth of the vessel, a ring is fitted 
sdP os to be capable of being pushed along 
tim plunger, still clasp!tjg the latter so ^ ^ 
tightly as to remain in any position in which it is 
placed, ^uch a vessel was sunk to a great depth i[i the 
sea, and on being raised again, it was foiled that the 
ring had been moved, and stood at some distance above 
the mouth of the vessel. This proved that the plunger 
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had jbeen forc^ into the vessel below, or, in other 
worda^ that th& water within the vessel had been 
squeezed into a smaller compass: when the vessel was 
drawn up, the liquid within it, being relieved from tho 
pressure, resumed its former dimensions, and forced out 
Jfhe plunger which carried the ring along with it^ 

0* Principle of Archimedes ,—We now*p1‘oceed to 
C(visitier a point which has a ^reat traditional interest 
connected with it. It is reported that Hiero, king of* 
Syracuse, having given a quantity of gold to a gold'-* 
smith to make him a ftrown, suspected that the man ' 
had substituted for a portion of the gold a basef metal, 
and that the crown returned to him, although of*tfie 
proper weight, was not of the proper ^material. He 
asked Archimedes, one of the most celebrated characters 
of antiquity, determine whether his suspicions^were 
correct. It must 4)e remgmbeired th&t in those days 
people knew nothing of the tests which would now 
render the solution of the problem a very simple matter, 
and tliat it was therefore a queE^tion of exceeding diffi¬ 
culty: but a problem must be very difficult indeed 
which resists the continued application of the human 
mind ; .for such application U almost always rewarded 
by the streaming in of light, even from unsuspected 
quarters. Archimedes found ^his to be the case. 
While pondering upon the subject, he chanced fo 
enter a bath which had been filled brim full of water, * 
and observed, as he entered, that the liquid flowed 
over the edge. Prepared by the mental discipline 
which he had previously gone through, the solution 
of the problem at once flashed upon fcim, and it is 
related that he sprang in ecstasy from the bath, and ran • 
through the streets of the city, crying, ‘‘ Eureka 1 
Eureka!” I have found it! I have found it!” We will 
now consider how the simple circumstance to which ^e 
have referred could have proved so instnictive as to 
make the great ancient philosopher almost mad^with joy. 

9* By comparing a shilling with a sovereign, any 
boy can satisfy himself that gold is much heavier than 
silver—indeed, it is nearly twdee as heavy^ A pound d 
fiilirer is therefore larger tlian a pound of gold, and if 
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immersed in a vessel accurately filled with wate^^^the 
former wi]! cause nearly twice as muldi water to flow 
over as the latter. If a mixture of gold and silver of 
the same weight were imnersedi the quantity of water 
displaced would be sometbtng less tliau that displaced 
by pure silver, and something greater than that dis¬ 
placed by 'pure gold; and here waa. the secret of the 
test of Archimedes. He took the king’s crown, gnd 
procured a quantity of pure gold of the same weight; 

' he immersed the crown and the gold successively iii 
wateri and found that tire crown displaced niui'e of the 
liquid than the goUidid. The problem of the king was 
thus solved, and the dishonesty of tiie astonished gold^ 
smith completely demonstrated. 

10, But we“ have not yet derived all the instruction 
possible from this important discovery, and this we 
musi endeavour to When a bather walks in water 
which reaches to Jus cliiif, lie finds tliat the soles of his 
feet press very lightly upon the bottom ; a portion of 
his weight is borne by the water; if it were deep 
enough to reach a little above his eyes, his whole 

' weight would be borne by the liquid, and the bottom 
would not be at all necessary for his support, ^ence it 
is that Oi. person finds it easy to lift a ma.^s of stone 
under water, which, when he bHngs it to the surface, 
altogether surpasses his strength, and that a body 
w^eighed in water appears to lose a considerable portion 
of its weight. The question now is—how much of its 
weight does the body^Jose ? How much of its weight is 
the water able to support ? 

11. Wliei^a lead buUet is immersed In water, it dis¬ 

places a sphere of water exactly equal to the bullet in 
size; imagine such a sphere of water in tJ% midst of a 
it^s of the liquid : it is evident that the sphere is borne 
by the water, and neither sinks nor rises* Hence when 
the lead bullet occupies the place of the sphere, a por¬ 
tion of its weight, equal to the weight of a sphere of 
Iiq[iid of the size of the bullet,, must be borne by the 
water* This leads us to the statement of |he most Im-' 
portant priricijple of hydrostatics, eall^ the principle of 
Aj?cMmedf^, namelyi that a bodg in a liguui . 
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ioses a portion o/' its weight equal io the weig&t of the 
quantity of li^md which it displaces* 

12. If wlmt I have here stated sliQuld be found dif- 
iicult to understand, the difficulty will disapjpear when 
• we go through the experimental proof of tlie principle* 
Let a hollow cylinder, be attached to one arm of a 
balance, fig* 9, and to this let another st^id cylinder, 



be attached, of such a size as accumtely to fill the 
hollow cylinder placed above it. By placijig weight^i 
ill the opposite scafepan, tlje balance-beam may be 
brougiit into a horizontal position ; and when this is 
accomplished, let the cylinder/? be caused to dip into a* 
vessel of water* The equilibrium is now destroyed ; p 
loses a portion “of its weight, #nd consequently the 
end of the balance t6 wiikih it is attached is raised 
by the weights in the opposi^ scalepao. The ques¬ 
tion now is, bow much of its weight has p lost ? or,* 
more correctly, how much of its weight is borne by 
the water? Let water be poured into the hollow 
cylinder c, and it will be found tliat when the cylinder 
is full of water the«balance-beam stands once more 
exactly horizontal. Shipwright, therefore, lo|t by p is 
exactly made good by the weight of a of water 
equal in siz^to and this'is the experimental proof of 
the priuciple of ^rchimedea.^ 
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I. Wk shall now see tlie utility of the prineiple which 
we have just eslablisJietl* It is of course of the 
hi^^hest pracTtical importance to be abte to compare the 
weights of different substances with each other. This 
might be accomplished by reducing the substances to 
the mme size^ anti then weigTiing them in the ordinary 
manner* in this way it wouht be found that if tJie 
weight of a cube of silver be 10 grains^ or 10 ounces^or 
10 lbs*, the weight of a cube of gohl, of the same size;, 
would be very^nearly 19 grains, 19 ounces, or 19 lbs. 
It would, however, be a work of great difficulty, and 
indeed, in many cases impbssible, to reduce bodies to the 
same dimensionsj and h^re the principle of Archimedes 
comes to our assistance.* Supposing a body which 
weighs 6 ounces to lose 2 ounces of its weight in 
water, the principle referred to teaches us that these 2 
ounces are the weight of a mass of water of (he same 
size as the body immersed, and bence the weight of this 
body \vould be three times that of water* Iri like manner, 
supposing' the weight of a body of 27 ounces to be re* 
duced to 24 ounces in^ater, we khow that the difference, 
3 ounces, would be the weight of a bulk of water equal to 
that of the body; and hence the latter must be regarded 
as 9 times heavier than the former* Calling the weight 
of water 1, the weiglta of the Wo bodies last*alluded 
to would be represented by the numbers 3 and 9 \ 
and these nu.nbers, and 9, are called the 

' gravities of the substances to whijh they corre^ 
spcyid* In the determination of speciffc gravities, the 
weight of distilled water, at a certain temperature, ts 
usually taken as a standard, and represented by the 
number 1; and when in printed tables we fin<l the spe¬ 
cific gravity of gold'stated to be 19*26, and that of 
silver 10*47, it is understood that the specific gravity 
of water Js unity. Reflecting on what has been said, 
the reason o:^ the following practical rule' will be evip 
dentj— l^vide the reat^^^wsigkt qjf hodg btf the 
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weight it tn water s the quotimi will he the specyic 
gravitg. • 

In order to illustrate the foregoing, and to pre¬ 
pare us for what is yet to copie, we will here pmpoae a 
Jfew exercises, 

Examfj^e 1. A body^ weighing ^2 lbs., loses 13 lbs. 
of its weight in ^ater ; another body, weighkig Iti lbs,, 
loses 2 lbs, of its weight in waiter | what ratio does tha 
weight of a cubic inch of the former substance bear ta 
the weight of a cubic mch*of the latter ? ^ 

A cubic inch of the former body is readily found, by , 
the Dictbod we have just descrlberj^ be equal in weight 
to 4 cubic inches of water, while a cubic inch oi tfie 
latter body is found, by the same process, to be equal in 
* weight to 8 cubic inches of w'ater; H is, therefore, 
plain that a ^ubic inch of tiist body weighs only 

half as much as a pubic inch the socond.. * 

Examfle 2. A body, Weighing 25 lbs., loses ^ when 
immersed in water, 5 lbs* of its weight. It ia then 
joined to a second body weighing 12 lbs.; and it is 
found that the compound body, formed by the union of 
both, loses 9 lbs of iU weight in water; required the 
sp&ific gravity of the second body ? 

Here* we find the vveight of a mass of wajer equal in 
bulk to the first body*io be 5 lb%; and the weight of a 
mass of water equal in bulk to both bodies together 
equal to 9 lbs. Deducting 5 from 9, we find the weight, 
of a mass of water, equal in bulk to the second body, 
to be 4lbs.; but the wcjglit of the body itself^is J2 Jb&., 
and consequently, dividing ^2 4, we'obtain its spe¬ 
cific gravity = 3. ^ ^ 

Example 3* Let everything remain'as in the last 
question, except that the compound body loses 20 lbs.,* 
Lusteed of 9 lbs., by immersion ^ rcquji^ the specific 
gravity of the second body ? "* 

Here, as before, the weight of a ma«is of water, equal 
in bulk to the first body, is 5 lbs., and the weight of a 
mass, equal in bulk to the comiioatid body, «s 20 lbs.; 
deducting 5 from 20, we find 15 lbs. lo be the weight of 
a mass of ''sAter equal in bulk to the second body. Hut 
the weight of the body itself is 1211*9., and conse- 
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q^iently its specific gravity^ found by dividing 12 by 
15, h =0*S. 

3, In our first illustrations we intentionally re^ 

strieted ourselves to those which are hmmer titan 

water, and which tlierefbre -in the liquid ; but the 
last example reveals to us tlie^method employed when 
the specificH gravity of a body tium water is 

sought. The body is attached to a second one of such 
a density that both togetlier sink in water, and the pre- 
jciae steps indicated by the question are pursued. 

4. In the determination of the specihe gravity of 
liquids, die difRcuHy^pf reducing the bodies to the same 
dimensions dbappeara. The method pursued by che¬ 
mists, who aim at very accurate determinations, is to 
provide a smali' glass flask with a ground-glass stopper, 
and ascertain tlie precise weight of quantity of 
liquid^ winch the^ flask able to coi^tain. Filling the 
flask, first with water, and ‘afterwards with the liquid 
whose specific gravity is to be determined, we can com¬ 
pare the weights together, and thus obtain the speciiie 
gravity sought. There is another way, however, of 
determining the specific gravitiss of liquids, which de¬ 
pends upon the principle that the denser a liquid is, the 
less deeptp will a floating body sink in it. Salt water 
being heavier than frorh, a floaiir.g body will not sink 
so far in tlie former as in the - latter, a iWt well known 

fto those who are accustomed to swimming iu^ivers and 
in the sea^ In sulphuric acid a floating body will sink 
to little ^ore than half the depth that it sinks to in 
water; and many bodfe which Kink wfwll^ in the latter 
oontitme floati^ in the former. Mercury is a still more 
striking example of the influence of density, for iron 
will float upon it just as wood floats upon^ater. 

&e The whole weight of a floating body is borne by 
liquid in which it floats, and the weight bf the 
liquid it displaces in exactly equal to the weight of the 
bewy^ A piece of wood, weighing 5 ounces, displaces 
5 ounces of the liquid which supports it; it will dis¬ 
place 5 ounces of w ater, or 5 ounces of alcohol; but ns 
water is heavier than alcohol, the latter fi^duuoes wiH 
be larger thun the former, and consequently the body 
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must sink deeper in alcohnl than in water. It is easy to 
eee that the speeific gravities of two liquids art inversely 
proportional to the quantities of them displaced bv the 
same floating body ; it the .quantity displaced, or, in 
pther words,*if the bulk of the itnmersed portion of the 
^floating body in one liquid be twice what it is in the 
other, the specific gravity of the former evidently 
oye>half that of tiie latter* 

6, To ascertain with precision the quantity of liquid 
displaced by the floating body, a shape is given to it 
rimilar to that sketched iti fig* JO* o is a hollow globe, ■ 

to which, on the o]^side, a tube, c, of 
uniform thickness, attached, and vditch 
is united on the other with a vessel, v, in 
which a quantity of merctii'y is enclosed. 
.The use of th® mercury is to cause the 
instfiument to ujfb'ight in a liquid, 

and its qnantiiy is so regulated that when 
the instrument is immersed in the hea¬ 
viest liquid which it is destined to teat, 
the hollow ball shall be barely covered 
by the liquid, while when it is immersed 
in the lightest liquid which tt is intended 
to test, the stem c also shall* be nearly 
submerj^ed* Supposing the volume or 
bulk of the instrument up to the point 
where the stem is cut by the surface of* 
the heavier liquid to be expressed by the 
number*1000, anf^the volume up to the 
point wJfere the stem is cut by the sur¬ 
face of the ligHer liquidate be 1100, it 
Fig, 10 , ia evident that the specific gravities o^ 
the two liquids are to each other in the inverse ratio of 
these numbers, and supposing the lighter liquid fb be 
water, tfie specific gravity of the heavier one would4)e 
1 ' 1, If we divide the interval between the two points 
alluded to into a number of equal parts, it is plain that 
by observing the point at which the surface of any 
liqiftd cuts ie stem, we can ascertain the specific gra¬ 
vity of the liquid. In practice the stem is so graduated 
tliat the fipecifle gravity can be at once reac^ ulfl 
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There are various mechanical contrivances for the 
determination of the specific gravities of solid and 
liquid bodies i but if the pupil understand the principles 
which we have endeavourjed tq expound, he will find 
little difficulty in comprehending such contrivances, or 
indeed in adding to them new inventions of his own, 

-LESSON VIII/ 

MECHANICAL PROPEHTIES OF AIR. 

4* Both liquids and gases' are comprised under tho 
more general term Jiuids. The Germans have no single 
word answering to jgur word liquids, aud they distin- 
giiif.h liquids from gases, by calling the former “ droppy 
rtuids^'—fluids capable of being poured out into drofjs 
like water, anil elastic Jiuidsj of which air is a type* 
If you compress air, youcwill find that it^esists, and on 
removing the pi^sAnre^pit expands ^ain to its former 
size* Air is elastic becaU^e^'of the mutual repulsion of 
its pariicles; if the volume of a vessel containing a 
given quantity of air be doubled, this repulsion will 
cauae the air to expand and fill the vessel. Here a re¬ 
flecting boy may ask why it is that the atmosphere is not 
dihsipafed by this elastic force, since the atmosphere is 
enclosed no vessel, and has free space to diffuse in. 
The reason is, that earth is within the atmosphere, 
and holds the latter aviatheci round it by the force of 
. gravity, which acts in opposition to the force by which 
tJie particles of air mutuidly repel each other. 

2, The atmosphere^ is in fact^an ocean of gas, which 
encompasses the earth. We h&ve seen in the case of 
liquids, that ^ great c^pths, the water of the sea is 
^compressed into a smaller space: this t^lds true in a 
for more striking degree in the case of air. The air 
nea^ the surface of the earth, or in other words near the 
beflom of the air-oeean, is far more dense than at some 
elevations which even man has attained* Had De Luc, 
or Gay Lusaac, or Mr. Walsh, in his recent -balloon 
ascent, taken with him a bladder half filled with atr from 
the eartI/s surface, he would have found that before his 
highest elevation was attained, the air woulo have filled 
the bladder, ^ing relieved from the weight of a 
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stratum of dense air, eighteen or twenty thousand feet 
in tliickness, the elastic force of the air within the 
bladder would cause it to expand, until at length the air 
would press against the sides of the bladder and dia- 
^etid it* * 

^ 3, But does the air pc^ess weight? Most certainly; 

as may be proved^in theiollowing manner ;'^Ijet a flask 
A| flg. 11, exhausted of air, bcisuspended from one end 



of a delicate balance ; and let weights exactly sufficient 
to sustain the flask be placed upon the opposite scale pan. 
If the cock c be no%v opened, the air will enter the flask 
A, and the moment ii does so, flask wilfsink, thus 
demonstrating the weight of the a|r which has entered it. 

4. J^ressure of tAe AfmospAere.^The air being thus, 
proved to possess weight, the atmosphere under which 
we live* must exercise* a certain pressure on tiTe earth's 
surface, and on all thmgs t^pon ^hat surface. This is 
the ease. Conceive a columi^ of air with a base of 
one square inch, extending from the surtace of the sea 
to the top of the atmosphere; such a oohnnn would* 
weigh about 15 lbs., and consequently would exeit a 
pressure of 15 lbs. on the square inch of surface wht^h 
supports it. For thb reason an amount of pressure 
equal to IS lbs. per square inch is called an atmf/spAere i 
80 lbs. per square inch, two atmospheres; ^ lbs. per 
square inch, three atmospheres, and so on. As in the 
cajsc of liqinds, the pressure is equal in all directions t 
every square inch of the human body bears a pressure. 
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of 15 Iba,, and hence the total pi'easure upon a fall-* 
grown man must amount to several Una. Why then 
are we not crushed?^ our answer must be the aame 
as that already given in allusion to fish at great aea 
depths. Tfie solids, liquids an<t gases of the humap 
body exert an outward pressure? which exactly balaoces^ 
the inward {pressure of the atmospheT^» 

6. Discovert/ of the ^Weight of the — 

.The discovery that the atmosphere possesses weight is 
very celebrated one. Before the time of Galileo^ 
a man eminent in science, and who was chiefly instm- 
ninnfal^n oveitur^^i^g the system of false philosophy 
wlikh was prevalent in his day, it was never thought 
that the air possessed weight. Pump^ had been used ; 
but nobody seemed to entertain the idea that there was 
any limit to the height to which water f^uld be raised 
by a pump* I will ^lerp give a very^brief description of 
tills machine, a b, figt- 12, is a tube, one end of 
which, B, dips into water: into 
the tube a piston p is fitted air^ 
tight, and can be pushed down^ 
wards or raised upwards by means 
of a handle attached to the rigid 
rod c d* ^ Through the piston 
a passage is bored and thia> 
passage is closed at times by 
, a little door or vahe^ which 
can only open upwards. CoU' 
ccive first the space inim^ 
diately below the piston ^ to he 
filled with air^: when tjie piston 
is pushed downwards, the air be¬ 
low it will lift the valve and 
escape: when the downward mo- 
tigh ceases, the valve falls by its 
own weight. If now the piston 
be drawn up, the valve being 
closed, no«air can reach the space 
below it; the space, if it remained 
empty, we should call a mcuum. 

But it does tfot remain empty; for, as the pistoE 




MECHANICAL PROPERTTES OF AIR, 63 

ascendft, it is followed by the water; and when the 
piston deseen^i^ again, water instead of air rushes 
through the valve and gets above tiie piston. On 
raising the piston again, this water is lifted, fur it cannot 
return through tlie valvej and finally escapes through 
the spout of the pump. 

6.. In this experiment the piston appeal^ {o suck the 
water after it, and hence the jmme of sucker which is 
sometimes applied to this portion of the machine. Before 
4he time of Galileo, it was never tliought tJut tliere 
was a limit to the height to which water could thiA 
follow the so-called sucker. Some gardeners in Ilorence * 
chanced to sink a very deep puil^ but found tojiheir 
great astonishment that they could not get the water to 
rise to a greater height than ^2 feet. I'he explanation 
given by the jihilosophers of J^hose days of the ascent of 
water in a pump was, that nature aojtorred a vacuum, 
and that hence tlie watef uisTied in to fill the empty 
space created by the ascent of the piston. By this 
pompous language they deceived themselves, and hid 
their ignorance under a figure of speech; nevertheless, 
the explanation was sijfficient to satisfy the world for 
two thousand years. The gardeners in their difficulty 
came to Galileo, and he, old man, embittered by the 
persecutions he had suffered fo^declaring tile trutli and 
opposing error, implied sarcastically to his questioners; 

“ It IS evident that nature abhors a vacuum only to the 
extent of 32 feet,” He did not however solve the 
problehi; this was roserved for his pupil TA^ricelli to 
accomplish, ^ • 

7. Torricelli reasoned thus r—These 32 feet of water 
must be lijlted by something, Thei^ weight is the 
measure of the force which lifts them; what can thft 
force be ? Perhaps the atmospiiere has weight, an^ that 
it presses upon the surface of the water witiioufr the 
pump : if this be the case, and the air within the pubip 
be removed by the piston, the outward pressure of the 
atmosphere being no longer balanced, tEiCgWater will 
rise in the pump* But when the liquid column has 
attained sjch a height that its weight balances the 
weight of the atuiosphero, beyond this th^ column cannot 
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Fratii tUo experiment made by the ^ardenei^, it 
thfTeftirc to be inferred that a eohimn csjT water 32 feet 
liigit exactly balances the weight of the atmosphere, 

8* ExperimeMt of XorTi€pMi.~Q\yt if this be the 
case, when wo take a liquid Heavier than water^ th^ 
height to which it can be lifted^ought 
to be fcsSjtj^an the height to wliich 
water is raised* Mercury, for ex¬ 
ample, is about 13 times heavier than 
water, granting then that column 
6f water 32 feet high is sit^taiiied by 
the atmgspherio pressure, the coluiiiu 
of fliercary snsfainecT onglit to be 
only the thirteenth part of 32 feet, 
or in round ii<auibers, 30 incljes in 
height* Here then tJie ^^xperiment 
was flHggested, ^Ijhieh has made the^ 
name of its author fanious. > IXa rice^t 
took a tube fig* 13, more than 30 
inches in length, open at one end, 
but closed at the other. Filling it 
witli mercury, he stopped its (ppeti 
end by hfs thumb, and inverted it in 
a vessel v containing a quantity of the 
liquid nietdh Judge f*’ his satisfaction when he saw 
the liquid descend until the surface of the column 
within the tube was 30 inches above the surface without, 
and remain statioiiary in this position; ihu^ fulfilling, 
in the mhst complete manner, the conclusion at which 
he had arrived. * ^ 

9* I would here direct^your attention to the manner 
in which thoughtful rcRcction and experiment go hand 
^11 hand with a true natural philosopher, Ste Torricelli 
proved himself to be. If the former be not the prompter 
and/guide of the latter. We wander blindly amid our 
ex^riments, aud amass facts to little purpose. The oppo^ 
nents of Torricelli—for we must remember that he and 
his great n^ter had nearly the whole world opposed to 
them^fumish us with an instructive exan^le of the 
influence of prejudice upon the human mina. Sooner 
than accept the^aimple explanation of TonioelU, that the 
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colutnn of meroury was siippof ted hy tlie afmospliere, a 
distinguished Abbd in those days affirmed that it was 
suspended' by invisible threads! Natural Philosophy 
does not demand of its followers any nnsteadjiiess of 
^cl»ai‘acterj or unstable shifting from one opinion to 
^ another; but it requires^that the love of truth shall be 
SQ predominantj tiiat whenever truth appcar?j no personal 
feelings of our own shall be sfrong enough to prevent 
us from accepting it. 

« * 

TmBbson rx - ^ 

CHANG15 OF ATMOSPHERkT PEESSUBE—'HIE 

BAROMETER, 

1 - Decrease of Atmospheric Pressure with the Heights, 
—Following ihe Torricellian* experiment to Its conse¬ 
quences, we should infer^tha# the A)ltiinn supported 
by the atmosphere in its higher regions ought to be Jess 
than that supported near the eartl/s surface; for as we 
ascend, the weight of the atmosphere above us diminishes, 
Pascal was the first to test the truth of this deduction. 
He took with him a T^ilrieellmn tube to the summit of 
a lofty piountain in France: he found, as he ascended, 
that the height of the column of mercury became gra¬ 
dually less; and thaf it rose a^in as he descended. 
This result has been abundantly confirmed by subsequent 
experimenters, De LuCp in a balloon ascent, fouJjd the* 
height of the mercurial column to be only ISi inches, 
hU elevation at the tim^ being estimated at 20^000 feet. 
As is easy to conceive*the mercuiial column may be, 
and indeed ha^ been, actually converted into a means of 
determining elevations, i 

We have already described the methods by which^the 
apeciftc gravitica of liquids are determined* A n£W 
method presents itself to us here, namely, that of weigA* 
ing the liquid against tlie atmosphere* Supposing the 
pressure of the latter to be constant, the heights of the 
columns supported would be evidently inversely propor¬ 
tional to the ^pecihe gravities of the liquids* 

2, Two cubic inches of mercury weigh 1 lb,, an^’i 
hence a column of the metal, with a square jnch for its 
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bsase, and 30 inches in height^ would weigh Id Ibs/ 
Thus it is that we infer tlie pressnret, of the atmo¬ 
sphere to be 15 lbs. on eacli square inch of the eartifs 
Burface. 

3. Arrangements were soon majfle to read off the 
height of the mercurial column with greater precision 
tlian was deemed necessary on the ^rat experimeiiTa. 
The instrument liad a iK^ale attached to it near tlie 
summit of the coliinm, and it was quickly observed that 
the surface of the mercury did not always stand at tlit 
same point of the scale. Within certain limiu the 
height df the coluui^ variedj thus (iroving that the at- 
mospheric pressure varied also* In its improved form, 
the instrument was called a harometer. 

i. In the rtfeding off of a barometer, the thipg to be 
determined ia the ditferen^ of level be¬ 
tween' themcrcufial s^irftce without tjie 
tube and that within it. evident 

that wiieii the mercury sinks or rises, 
bolh of these surlaces change their 
level; now it is a matter of great 
convenience to be able to bring tJic 
surface of the mercury outside to the 
level of affixed pointy from which the 
barometer-tube is graW^ated. To effect 
this, tlie vessel v, 6g, 14, containing 
the mercury, is furnished wilh a move- 
able bottom, which can be raised or 
lowered by means of the screw ar. A 
pointed index f, of ivoiy^or steel, is 
caused to depqnd from jthe upper por>- 
tion of the vessel, and before reading 
off the instrument, the level of the 
meA^iiiy is so adjusted, that the point of 
tke index barely touches the suf&ce* 

The numbers on the scale denote the 
heights tjAcmt this pointy and conse-* 
quently fhrnlsh us immediately with 
the difierence of level between the two 
Bur&ces* 

In the f>rdtnaiy wheel-barometer, the fluctuations 
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of the barometric column are transferred to an index 

which moves like the hand of a clock 
over the face of a dial. Tlie arrange¬ 
ment ^will be understood from fig* 15* 
The glass tube, instead of being im- 
merseck in a vessel of mercury, is bent 
,upwanis, and the atmosphtertc pressure 
on the surfode o, sustains the column 
within the tube* Wlieri the atmo¬ 
spheric pressure diminishes, the column 
falls, and the surface at a becomes 
elevated. On surface Swims a 
small adjusted float, from whidh a 
string passes over the pulley p ; when 
the float is lifted, the* weight w de¬ 
scends, and idTaws the pulley round ; 
vdieti the fl0a1bsiQks,^he motion of the 
index is m The opposite direction. It 
IS plain tEkat if the index be long enough, 
a very small change in the level of 
the surface at G will produce a very 
Fig. 16 . sensible motion of the iiidex* 

6* How the Harometer ma^ predict Roifu —The 
barometer haB received the name of the Aveailier-glass \ 
and in the hands of ^ skilful dfiserver it may indeed 
be of great value in assisting him to make a close 
guess at the weather to be expected* Let ns examine • 
how this is possible. It is a fact, which we shall have 
occaaioii to ref^r to in Aur articl<^npon heat, that when 
air is warmed it swelU, and thus becomes speciflcally 
lighter. As a consequence qf this, the atmosphere 
in out polar regions is demer than at the equator, and j 
when direction of the wind is from the north or 
north-east, the superior density of the moving air caA^es 
the barometric column to stand high. When, cxi 
the contrary, the wind blows from the south or south¬ 
west, the moving air conveyed to us from the equatorial 
regions is comparatiyely warm and light, and The light¬ 
ness is accojppanied by a corresponding depression of 
the barometric column. But you may here urge, that 
this does not explain why the baroiQeter*pi|dicts rain. 
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for the direction of the wind has alone been spoken of, 
Hotfi, howevcTj are connected. It is a'.vell»known fact 
that the higher the teiuperature of the air, the greater 
is the quantity of water which it can preserve in'the 
form of vapour. Hence, if a mass of air, saturated with 
vapour, be transported from a '^^ider place to a warmer 
ouCj the vStpftur remains unconttensed; rbut if it be moved 
from a warmer place to ti colder one, condensation takes 
place, and a portion of the vapour is precipitated as 
water. Conceive, then, a current of air coming fron. 
tlie south or south-west: it approaches us laden with 
the vap&UTs which k^*las contracted in passing over tlie 
occcih; but, inasmuch as it moves towards colder regions, 
this vapour is continually precipitated ; and hence it is 
that the south-west wind brings us such plentiful 
showers* The wind from the north, on the contrary, 
has its moisture'*^al^^*ad^^ precipitated to a great extent, 
and what it stilt holds, in^iiiuch as the air moves from 
colder to wanner regions, is preserved in the state of 
vapour: hence it is that the north and north-east winds 
are usually dry; and thus the barometer justifies, in 
some measure, its right to the popular name of weather¬ 
glass. 

G* Iloiff- the Sarometer may predict a Storm .-—But 
the barometric coluinf;1tas soinethnes been observed to 
fall suddenly before a storm. Otto von Guerike, whom 
’we shall have occasion to allude to aguin, predicted, in 
1660, from the sudden fall of a barometer during a 
calm, that a storm ipust be raging somewhere i two 
hours afterwards the gale burst iqxni his own neighbour- 
htiod. On tha^ 2ud of August,. ia37, the harbou remaster 
of Porto-Bico warned the seamen in the haven that a 
storm was to be expected, as the baromfter had^ fallen 
18, ^ines in a few hours. The warning was vain ; the 
storm arrived, and of the 33 ships winch the harbour 
contained not one escaped. At St. Bartholmew, 250 
houses were destroyed, and at St. Thomas the hurricane 
carried a 24-pounder cannon alotig with it* Kumeroud 
other instances of a similar nature have be^ observed. 

7. We will now proceed to consider how it is possible 
that the b^^iiieter can foreshow storms in this way* 
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From the most accurate observations it has been deduced 
that storms cdbsist of bodies of air rotating round a 
centre. The little eddies that wo observe upon the 
street, on a dusty dayf are examples, on a small scale, 
•of what we mean* Here it will be noticed that the 
w particles of dust are carried round and round, and that, 
along with this motion of rotation, tiiere iS a motion of 
translationj as it is called, of the entire whirling mass 
from one place to another. In the case of great atorma 
Itheae two motions are also combined; the air whirls 
with great violence round a centre, while, at the same 
time, the centre itself is "continwJly carried Yorward. 
Imagine a rotating cylinder of air thus impelled ? the 
base of the cylinder, being in contact wit^i the earth, erv 
counters friction and other obstructions, is retarded, and 
hence the cylinder ham forvUard^ The upper jjortion 
of the cylinder iriay, thejeforb, be ^ver a place long 
before the bottom has reached it; the storm may be 
active above, while all is calm below. How then is the 
pressure of the air influenced by one of these atmospheric 
whirlpools? Owing to its sudft rotation, the air b 
driven out from the cerftre on all sides, so that in the 
neighbourhood of the centre the space is partly eniptkd 
of air, and consequently cannot support a 4iigh baro¬ 
metric column. At fhe centre Tikelf the depression is a 
maximum. Keflectlng upon these facts, there is no 
difficulty in conceiving how the barometer mny be* 
affected^ long before the storm has reaciied it^and thus 
serve as a valuable warning to ^bose who arc able to 
interpret its indip^tion^. * 

* « 

XiESSOIT X. * 

THE RELATION BETWEEN THE YOLUME jIND 
THE PRESSURE OF ELASTIC FLUIDS. • 

1* ZiCtw 0 ^ Jffariotte .—Having learned that air is 
compressible, our next step is to determine^the exact 
relation between the amount of the compression and the 
force which 4 Jfoduces it. This is done by mciins of the 
apparatus sketched in fig. 16- abc is a bent tnhe 
of ghas, open at a, and furnished at c Tfltfth a good 
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Stop-cock, When the cock ia open, let a quantity of mer** 
cury be poured into a, sulfi- * 

cicnt to close the bent portion \ 

of the tube at b, and to rise to ^ 
the level of dd\ half an inch 
or an inch above the bent por-*- 
tioiT, Lei the cock c be now 
closed; we have then a‘quan¬ 
tity of air enclosed in the space 
above the mercury surface d\ 


and thia is the air which we 
will flubnnt to ccjivtpress!on, 
Let"^ mercury be poured itj at 
a: as the column in a b 
lieightetis, the s^irface d* will 
be qbserved to ascend*' gra¬ 
dually, the air dbove U bei/ig 
squeezed into a smaller space 
by the pressure of the mercury. 
When the vclunic of air has 




been squeezed into exactly ic- 

lialf its bulk, let the pouring *in at a cease. Let the 
difference of level of the mercury in both arms of the 
tube be no.v ascertained \ it will be found tliat this differ- 
eiiee is about 30 iiichi'sl If a B''be long enough, mer¬ 
cury can be poured in at A until the air in b c has been 
squeezed into one-third of its original volume; we should 
then hnd the difference of 3evel in both arms of the 
tube to be GO inches* r To reduce the air to one-fourth 
of its volume, a column of 00 iiithes would be requisite, 
and so on* &it how isdt that the increase goes on by 
additions of 30 inches P f^t us considerjthe state of die 
air In the tube bc hef&re the cock at c was closed. 
Itfia evident that it then bore the pressure of tlie 
atmosphere above it, which, as already explained, is 
equal to that of 30 inches of mercury* When the 
tube A B is filled to a heiglit of 30 inches above the 
level in ^c, it is plain that two atmospheres^ aa they 
are called, are pressiug on the air in b c. When the 
height of the pressing column is 60 inches, three atmo- 
sphereiif pr^ss upon the air; when dO inches, a pressure 
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of four atmospheres is exerted, and so on, Now, the 
experiment shoA^s us that by doubling the pressure we 
reduce the Yoluinc of air to one-half, by trebling the 
pressure we reduce it to one-third, by increasing the 
pressure four times we diminish the volume four times; 
^nd hence we arrive at the importnut law-^—a law first 
discovered by the^ celebrated Hobert Boyle, and redis¬ 
covered by Mariotfce, whose name it usually bears—that 
ike volume of a gas is inversely proportional to the pres~^ 
sure under whiek it exists. 

2. For a long time it was considered that t^is law 
was perfectly true for all gases ;*but it is now known 
that this is not in strictness the case* When compressed 
in the manner we have described, some g^ses are finally 
reduced to the liquid cotidition. By cold and pressure, 
Mr. Faraday bfis liquified nunfbers of them. And it is 
found that those gaSes vvhicli ^rtf rrmst easily liquifiable, 
or which, in other words, are nearest to their points of 
condensation at ortlinary temperatures, exfiibit very 
sensible deviations from the law of Mariotre. Carbonic 
acid and sulphurous acid are examples of gases of tiiis 
class; while other gases* amongst which are the con¬ 
stituents^ of our atmosphere, have resisted all attempts 
hitherto made to liquify them. With these tbe law of 
Mariotte Is true to a mr greater extent than with the 
others. 

3 . To imprint the important principle above esta¬ 
blished upon the mind, jt would be useful to wotk a few 
examples in which the law is appiied. Want of space 
prevents us from givillg^no^e*than one here, 

Example 1,—Assuming the'law of Mariotte to be 
true for all pressures, and that water is ijicompressible; 
at what depth below the surface of the sea woulij^ a 
bubble of air have the same density as the surrounding 
water, supposing the weight of the water to be S4u 
times that of the aif at the surface, and that a column 
of 32 feet of water exercises a pressure of one atmo¬ 
sphere 

What is required here is to know what pressure will 
reduce a volume of air to bulk it 

possesses at the surface of the sea, w'here the pressure 
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upon it is one ntmo^pheronp According' to the law of 
MariottCj a pressure of 840 atruospher(;3 would accora- 
plish this ; and, hence, a depth of 32 feet of water being 
equal to one atmosphere, it mi'jht be thought that we 
have only to multiply 840 by 32 to find the depth 
soiic:ht. But it must be remeAibered that the air at tite 
surface already bears the pressure of^ an atmosphere of 
aifj and to these 839 atmospheres of waier pre&st/re 
must be added to make up the 840, HencOj multiplying 
839 by 32, we obtain 26,848 feet as the depth sought' 
Below this depth, if the above conditions continued 
to fioldj the air wljfldd be heavier than fhe water, and 
would therefore instead of rise* It must not, 
however, be forgotten, that the case here supposed U 
an imaginary one, for water is not incompressible, and 
it is certain that long before the pressure referred 
to has been attained, vhe law of Plariotta ceases to be 
true. 

4, I^urther Effects of Atmospheric Presmre .—In the 
oarometer we see a column of mercury prevented by the 
pressure of the atmosphere from flowing out of the tube 
which contains it. If the top df the tube were perforated 
so as to permit tbo air to enter, the mercurial column 
would immediately sink. Such a perforation is made 
in the lid of a teapof,' and if the* lid fit tightly, you will 
observe that tlie water flows, or ceases to How, according 
as the vent-hole is opened or closed* In water-glasses 
for birds, the liquid within the glass is sustained by the 
atmospheric pressure; the bird drinks from the 
l>owl a (fig, 17), and finally the water within 
the bowl siitks, until small bubble of air 
enters by the tube and ascends to the^ummit 
the glass ; here, by its elastic force, it presses 
t^e liquid downwards, and again partially fills 
^fhe bowl at* In this way the process is con¬ 
tinued until the whole of the water ha^ been 
used. h e p neuTnati<;t in k -bottl e is made upon 

the same principle as the bird-glass : the bowl it- 
i/!to which the pen dips is supplied in the jsame manner 
that from which the bird driidts. Many lamps are so 
constructed that the oil is gradually supplied to the 
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wick in the same manner as the water is supplied to the 
bird, or the ink*to the pen. 

5. In speaking of the weight of air, we referred to 
the case of a fkst from which the air had been removed; 
we will now describe how tliis removal may be accom¬ 
plished* A sketch of the exhausting 
syringe is given in fig* 16- c is a 
cylinder on which the solid piston 
p moves air-tight; c is a cock by 
means of v^hich the external atmo^, 
sphere may be admitted to, or shut 
off from, tho/oBce undeniiSath the 
piston; is u tube furnished with 
a threail at its lower extremity^ 
on which the vessel to be ex¬ 
hausted, is screwed ; t is acock 
by means^r^w'hifih a commilnica- 
tion Kfiay be established at pleasure 
between the flask and the cylin¬ 
der 0- The vessel being screwed 
on, let the cock c be opened, and 
c alosed. When the piston r is 
raised, a portion of the air passes 
from F through e, and (jifTuses it¬ 
self in tliefpace below the piston. 
After the piston has reached its Uigltest limit, let e be 
clewed and c opened; in forcing r down, the air beneath 
it will escape through c into the atmosphere, «Closing 
c and opening e again, the same process U repeated ; at 
each successive ascent of U»e pistmi, a portion of the ait 
is taken from f, and if the gumping j^otitinue long 
enough, it ia evident that we can exhaust t almoet 
completely. 

We might modify the exhausting syringe by defing 
away with (he cock and making an aperture tlirough 
the solid piston, to be closed by a valve opening up¬ 
wards, as in thb case of the common pump. 

6 * In the air pump the exhaustion is haittened by 
making use of two cylinders, instead of one, the pistons 
of both being worked by a single winch. The instiu- 
QbflUt is shown in 19* c c' are the twt> cylindefs in 


c 
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which work the pistons p and r\ furnished with valves 
which open upwards. Tlie pistons are nSfised by means of 



Fig* 19 . 


I 

tw'O racks r r', and a pinion pji A tube ^ connects the 
cylinders with the vessel v, called a receiver^ from 
which thi? ^ir is to be exhausted* The edg;4 of v is 
smeared with lard, make tke junction between it 
and the plate b air-tig'ht. b is pierced at its centre 
with an aperture which communicates with the passage 
g, c a cock which is opened when the receiver is 
exhausting, and clos^ when it* is required to preserve 
the exhausted vessel from com muni catuig with the atmo^ 
sphere. A tube ^ dipping into a cup of mercury, 
is usually connected with the passage leading to the 
receiver: according as the vessel is exiihusted, the mer- 
enfy is forced up in the tube x, and from the height at 
vhich it stands we infer the exact amount of exhaustion. 

7. Experiments wiih. th^ Air-pttmp. —-If a closed 
bladder, half filled with air, be placed'within the re¬ 
ceiver v/as the latter becomes exhausted the air within 
the bladder swells, and iinally quite disteni^ the bladdefi 
A shrivelled apple, under the' same circumsUmcee, be¬ 
comes plump'and fresh-looking through the expan^otl 
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of tho gaeea wllliiii it. ‘ the air iss again admitted 

to V, through^ a cock provided tor this purpose, the 
bladder collapses, and the apple becomes shrivelled once 
more. The real subatarice of wood is heavier than water, 
.and the wood floats, on account of the air within its 


. pores. When a piece «f wood, swimming on water, is 
placed under receiver, the air escapes ^'exhauption 
from the pores of the wood, the latter consequently be¬ 
comes heavier, and finally sinks .like a brick* 

• 8. Magdeburg Hemispheres .—But the most celo* 
^ brated air-pump experiment is tliat 
made by ifa inventor, Otto von 
Guericke, burgomaster of Mdgde* 
burg, in northern Germany* The 
apparatus he used consisted of two 
hollow he enspheres of metal, fig, 20, 
The ed^tof* tlit? hemisphe^as are 
fitted accurately to each other, and 


\ -- w j^ljg experiment are smeared 

’'^*th lard to make their junction more 
perfect* From the lower hemisphere 
a tube issues, which can be screwed 
into the aperture in the centre of tlie 
air-pump plate, and tlnis^he sphere, 
ft composed oF^these two halves, may 

be exhausted. This being accom- 
pUshcd, the cock c closed, and a* 
Fig. so. suitable handle screwed o« at A, it 
will be found that two of thj strongest boys, each 
pulling at a handle, wail no^ be able to force the hemi¬ 
spheres asunder; and if they#were large enough, the 
EtreDgth of two horses might be exerted for the same# 
purpose in vain. With such force does the external 


atmosphere squeeze the exhausted hemispheres together I 
On opening the cock so as to admit the air, the 
hemispheres separate without difficulty. The hemi¬ 
spheres with which this celebrated experiment was first 
made, and which the united strength of six horses was 
unable to force asunder, are atUl preserved in the city 
ofBerlin. ' 
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ISEBSON XI. 

USTDITLATOEY MOTION 

1* There- are few things more pleasant than to stani 
by the sua on a atormy day, avd to watch the billows 
advancing'atid breaking in foam upoi^ the shore. Look-- 
ing at the agitated ocean, we observe a swell at a 
distance, which comes nearer and nearer, increasing 
apparently in height as it approaches } the side of the 
‘ wave next the shore becomes more steep, the crest leans 
forward/ oveir]a]>fi and falls, sending its foam and spray 
high' np the beach. When we follow the conrao of a 
wave in this manner we can hardly resist the belief that 
the water itself is moving forward ; there appears to be 
a manifest motion from the ocean towA^s the hhor©; 
but if our spectator be^a:i 5 » ^bservaiit hoy, he will soon 
learn that the motion of the wave is very different from 
the motion ot the wateT* He watches a sea-bird float¬ 
ing securely among the billows \ scnietimes he sees it 
lifted aloft and seated ou the summit of a wave^ while 
at the next moment the wave has passed under it and 
the fowl is in the trough between two waves; he 
naturally conclude!^ tivpt this coijld not bo if the water 
were carried onward hy the wave. When a boy, I toot 
.pleasure in swimming in a rough sea, and when weai^ 
with climbing the billows, it was my habit to turn and 
rest myself by floating. The advancing waves rocked 
me pleasantly up andtlowjj, but they did not carry me 
forward. TliigL fact helps me to understand the 
^real nature of the motion which produces waves, and 
thus illustrates one of the characteristics of natural 
ph^lbsophy. By it the commonest acts of a boy are 
caused to furnish food for thought; they suggest pro¬ 
blems by which his attention is engaged^ his knowledge 
augmented, and his pleasures refined* 

2 . Let hue end of a rope be fastened to a wall or post, 
and the other end taken in the hand. The rope being 
held loosely, give the hand a end den jerk. An undulation 
will observed bo rush along the rope from the hand to 
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the other extremity, and by repeating the act, a series of 
waves may be baused to follow each other in succession. 
In this case it is manifest tliat although the waves move 
forward, the particles the rope make short excursions 
«ta and fro in a direction at right angles to that ia which 
the waves proceed. The case is almost exactly f?iinilar 
with the waves of the sea. If the water of ftie sea moved 
forward with the wave, a fowl seated on the crest of a bil-^ 
low would be carried along with it: the same Avould occur 
Ito a boat or ship ; but tlie fact that both the fowl and the 
boat are merely atfected by an up-and-down movement' 
proves that the particles of water oscillate tfirough a 
romparatlvely small space ^ strictly speaking, in as^nd- 
ing and descending, they move in curves more or less 
circular. 


3* ION OF Waves,—W hen astoneiscj-stinlo 



a tranquil late a series of waves spread themselves round 
the point of disturbance. Supposing C ^g, 1) (o be 
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the point thus disturbed, aiid that the waves propagate 
themselves to the wall A B, whicii form^ the boundary 
of the lake. Each ring arrives at the point M of the 
wall Hrst, and afler a certain time it readies the points 
A and B also. If no obstacle existed, the foremoaU 
part of the wave would reaoh the point O at the 
moment thb ffointa A and B are attained by the portions 
corresponding to them. On reaching the point Mj 
however, the wave is reflected, and the ring thus sent 
back moves with the same velocity as the direct one 
■ the consequence is, that the reflected wave will have 
reached the point O' is the same time that it would have 
take/i to proceed to Oi* As each point of the wave 
successively meets the wall, reflection takes place, and 
the result is^ that the sum of these reflections constitutes 
a wave A O' B whose centre is at C', as fer behind the 
wall XB as the point* C ♦Is before it. 

4. Let any radius C P be drawn from the centre C to 
the circumference which the direct wave would have 
bad if it could have proceeded forwarri this radius cuts 
the wall at the point K, Through K let a second 
radius C' P' be drawn from the \^ent^e to the circumfe¬ 
rence of the reflected wave, and from the point IJ let a 
perpendicuVir W Q be erected to the wall A B, Tlie 
angle C N Q? which of the direct wave makes 

with this perpendicular is called the uTigle of incidence, 
while the angle RN Q, which the radius of the reflected 
wave makes with the same perpendicular, is called the 
angle of reflection. Every boy il^ho knows a little of 
the first book of Euclid will be able to prove that the 
angle 0 N Q is/?qual to R N Q; and even a boy who 
does not know Euclid will, on reflection, be .^ble to see 
that this is the case. We thus arrive at the imjiOTtant 
]aw;Aa law of the most extensive utility in physics— 
that the angle of ineidenee of a wave is equal to the 
angle of tejleciim^ Supposing the wall 4 B to be a 
perfectly-hard obstacle, and that a boy shoots against it 
from the p^int C along the line C N a perfectly elastic 
marble, it also would be reflected along tlv^ line N R, 
the law of reflection of waves being the same aa that of 
perfectly-elastid bodies* 
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5* Ebplkction from an Ellipse-—No matter what 
the ikature of*the surface may be, whether curved or 
platn, this law holds good. There are two curves uhich 
possess a peculiar inteisest in reference to this law, and 
fcwhich we will therefore now describe. The first is tlie 
» ellipse, which is constructed in tlm following manner; 
take two commoi pins, and with them fasten a sheet of 
paper to a table, the pins being at the points F F, say 
six inches asunder: take a string fourteen or fifteen 
fncbes in length, unite" its ends and throw it over the 
pins: with the point of a pencil at P stretch the string, 
and while keeping it stretched le^ the pencil He carried 
round* The curve described by the point of the {fbncil 
is an ellipse- 



* Fig. 2, 

6 . The points FP ore caJ)ed*the foci of the ellipse, 
and it is a property of the curve Ahat two lines drawn from 
any point P to the foci make equal angles with the peri* 
pendiciilar to the curve at this point. If therefore we 
suppose a lake to be of the shape of an ellipse, nudHbat 
a boy drops a stone into the focus F; the waves pio- 
ceeding from^his focua, when they strike the boundary^ 
of the lake at P, will be reflected in the direciion^ P F 
towards the second focus, and around the pdlnt F will 
be formed aperies of rin«s like th(Mje exisiting round the 
point F* This elegant experiment might be made oo a 
wnall scale with mercury instead of wateK ^ 
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7. Reflection fbom a Pababola* —The second 
curve h thepitrabola, which ditten^from the ellipse in the 
circumstance that it is not what we call a closed curve: 
it does not jeturn iuto itself, so *a3 to enclose a apace* 
The curve is sketched in 3; it possesses a sirjg^le 
focus 1\ ^he line V M is called the axis of the para¬ 
bola, and thfr nature of the curve is scch, that when we 
draw two linps from any poiut P in the curve, one to the 
focus F, and the other Vp parallel to the axis V Mj 



these two lines are equally inclined to a perpendicular 
at the po^jt P* Hence if we suppose a portion of the 
boundary of a lake to I'e a parabolic curve, and a stone 
to be dropped into the lake ht th^ focus, the waves pro¬ 
ceeding from point \i^i]l be reflected in the direction 

Ibf the line I^et WW'be a line dAwn perpen¬ 

dicular to the axis V M, and let us inquire for an instant 
at what time the various portions of the reflected wave 
will reach this line. A second property of the parabola 
1 $ that the two lines P F and takenher, are 
always of ^the same length, no matter at what portions 
of the curve the point F may &1L Thus the sum of 
the two lines F F, P p is equal to the sum<of the lines 
P' P, Py or ^to any other two drawn in a similar 
tuaiuier* The point of the w^ave reflected from P will 
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therefore reach the line WW' at precisely the same 
moment as th^ point of the wave reHet-ted ihjm V\ for 
both of them have to travel over the same cl wtaijce. The 
consequence ts that the reflected wave will present 
•appearance of a straight line perpendicular to tiie axis of 
the paratmia* • ^ , 

B* It is quite •manifest that if we euppeec the wave 
W W', instead of proceeding from tlie curve, to be 
moving towards it, it would, upon reflection from the sur¬ 
face, retrace its course, and form a circular wave around 
the focua F, Or, instead of supposing the wavf thus to 
return upon its own footsteps, Idt a secorui parajjolic 
reflector be placed in the path of the wave : the series 
of waves proceeding from the focus of ihp first reflector, 
will move forward in etraiglit lines towards the second, 
and after reHefttion from it, th?v will collect themselves 
in rings around thef focus oj fjie'sceond^reflector, Tfiis 
arrangement of reflectors is shown in fig. 4* 



Fig* 4. • 

9. IsTEiirEREwcE OF Waves^^—W e now arrive at 
a point of great importance In wave motion^ to which 1 
will briefly direct your attentiefO* Let B and L D, 
(fig* 5, p* 82). be two branches of a canal which unite at • 
F to form single channel F C- Let L be Jake which 
euppliesr the canals with water, and let a series of waves 
W W' advance along the lake towards the canals- Lftt 
these waves supposed to enter A B aini ^ E D at 
the same moment; if the distance from A to F be per¬ 
fectly equal to the distance from E to F, a piirtiele 
of water at*F w'ill be lifted upwards or depre^se^i 
downwards at the self^me moment by the waves fioin 
both cauatdi aud tlte oonscqtieiiee is that ^e dbtaiiCe 
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through which the water at F is lifted or depressed 
will be greater than if only one of the waves acted upon 



mg. s. 

it* Uef iifl now siippo^-^ that the two channels A B, 
K D are not of the same lEhi^th, and that the difference 
in length b such that at the precise moment when the 
elevaiions of the waves from A B reach the point F, the 
depressions of the waves from E D reach the same point. 
The action of the former would be to lift the point 
while the effect of the latter would, be to depress it: the 
point F b thus pushed upsvards and pulled downwards 
at one and the same and theiconsequetice is that it 
will move neither up nor down* The waves annihilate 
■each other. The effects which I have thus endeavoured 
to describe are known under the jiame of interferetice. 
The principle of interference isrone of the utmost im* 
portance in physics, anfi it will therefore be worth some 
trouble on your part to comprehend, as far as it b possible 
^from this brief description, the nature of the principle. 

10. On THn Effects op Oil opon Wawir.— think 
1 without improperly wandering from the subject of 
present article, say in this place, a few words on 
the remarkable influence of oil upon agitated water, as 
you will often find, in the works of podts especially^ 
allusions lo thb subject, which might otherwise be un« 
intelligible to you. Here is an example which just 
occurs to me ** 

** li^ur onKfe^a tpmpestuDua b«s 
The oil of peace with thoughts of thoo/* 
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The celebrated Benjamin Franklin was once infoTmed 
by a friend, that the -fisliermen on the coast of Uibraltar, 
vhen they wished to make the surface of the 5 ea smooth, 
and thus obtain lisfht *sufHcient to enable them to see 
'|he large oysters at the bottom, were accustomed to pour 
^oil upon the surface. On other parts of the Spanish 
coast the divers carry oil in their mouths, and wtjeti 
they want light they spurt it out; the oil ascends to 
the surface, spreads over it, and smooths down the 
fipples which interfere with the entrance of the light. 
Even in the case of shipwreck, oil has been usec^ to still 
the water. Mr. Richter, who actouipanied a Canii^h 
captain to Saint Thomas, stood, during a terrihc storm, 
upon the coast of the island of Santo Pj:)rto^ and wit¬ 
nessed the wreck and sinking of the ship which had 
carried him toithe island. Idlmediately af1:er tiiq dis¬ 
appearance of the ship, it^ bojft was Observed in the 
miiJdle of the bay, being driven towards the coast 
by the storm. When it reached the atraml, the sea 
anmnd the boat appeared to be tranquillized, as if by 
magic; the white foam disappeared from the surfuce, 
and all was still for aiT instant. Immediately after¬ 
wards, however, the billows reared their heads with re^ 
donbled*foroe,and without bursting into flung the 
boat high upon thestrdtid, Sotnernen sprang cut of the 
boat, and ran up the beach in order to save themselves 
from being laid hold of by the succeeding wave. It had 
been the precaution of the captain to carry ivitlt him at 
all tiraVs a small cask of*oil: this ijid excellent ^-ervice in 
the present instance, and without it a successful landing 
would have been impossible; 6*r, when^ the boat was 
about to bo overwhelmed by the breakers at the edge of 
the bay, the cask was stove in, and the oil poured upon 
the water—a sudden change of the surface was (hereoy 
elfected, which was observable from a considerable 
distance.- Th^oil could not, indeed, render the waves 
Btill, but"it prevented them from being converted into 
breakers, and caused them to roll up the beach, carrying 
the boat along them to such a distance that its 
crew were enabled to escape, ^ 

11 . If you place a piece of silk cloth upoi^a smooth 
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table, and push the cloth obliquely with your finger, 
the cloth yields, and glides over the fable, which ia 
thus in a great measure relieved from the effect of the 
push. So also wJien water is covered by a layer of oil, 
which does not cling to the oil, acted upon by tlie 
wind, glldc^ over the surface'of the water, and thus' 
lessens the action of tiie wind upon the surface* It is 
true that oil cannot level down the larger waves when 
they have been once formed, but the sides of large 
waves are always ridged and furrowefl by smaller 
waves, wldch render the large ones rough, and thus 
ena.hles the wind to act upon them with greater power. 
The oil hinders the formation of these smaller ripples, 
and by thus 'essening the fi-ictiou it diminiahes the 
effect of the wind. Frduklin made sonie experi^ 
ments on tlie effect of ^il upon the poncf's on Claphani 
Common* Choosmg a tiifie wheh the surface was 
ruffled by theM-iud, lie first poured a little oLL upon 
that side of the pond towards which the wind blew 
across the water. Here the waves were largest; but 
the oil had no effect in rendering the surface smooth. 
He nestt went to that side of the pond from which the 
wind blew, and poured a quantity of oil, not excc^ing 
a teaapooftful, upon surface, which immediately 
became tranquil for a simce of several square yards, 

^ This tranquil space extended itself in an aiatonishing 
manner, and spread gradually, until it reached tlie 
opposite bank of the pond; and titus a sur&ce of half 
an acre was rendered as smooth as a mirror. On a 
small scale, Franklin’s experiments appeared all to 
succeed; an dxperimenc, however, which he made on 
the eea*coast near Portsmouth in 1773 u'«s not atiejided 
wit^ equal Bucccbs. 

XiEBSOfl'XlL 

SOUND. ; 

1 . Wrii^c 1 write these lines the sound of a piano 
reaches my ear* I hear notes of different kinds, some 
high, some low, some discordant—for tne performer 
is a boy^—andcsome blending together so as tojjroduce a 
pleasing hMirmony* How do these sounds travel from 
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tlie piano to me? Why in it that one note is ^hrill 
and another dgep? Why do one pair of sounds unite 
to produce harmony while another pair united together 
produce discord? Surely here is a subject worthy of 
our efforts to uuderstrinS it. We will approach it care- 
^TuUyand by easy degreej. 

- ■ ■ * 

• c 

A 


D 

Fig. fl, 

2. ViBHATroN OF A STRING,—Let fls suppo^c aji 
elastic string be stretched belween tlie points A and IL 
fig, 6. The line A3 is the posi*ioi^of <^uilibriijin*of the 
fltriug, or that position in^ilaich it will rest, if left to 
itself. Let tlie string be taken in the finger&j forcibly 
drawn aside to CJ and then let loose: it will insfantly 
return towards its position of equiUbriunij but when it 
reaches it, it will not 6*op there. On coming towards 
the position A B, it has acquired a certain velocityj and 
on acedimt-of its inertia, will pass A B and go on to D 
at the other side of i*. From^Sl it will return again 
towards C, and thus execute a series ofvibmtions before 
it finally comes to rest. The principle is exactly the* 
same as that of the pendulum. If yon draw a fjprtdulum 
aside from the vertical'line in which it hangs, and let it 
go, it will not only return t(\its position of equilibrium, 
but wjE swing beyond it, and contigne so to swing 
until it is arrested by the-friction of the air, or by that of, 
its points of support. 

3, Communication op Motion to the At^o- 
sracKB.^—A string cannot, however, vibrate in o^r 
atiuo^plmre wthe manner indicated without comnmni^ 
caring iS motmn to the air around it. When the string 
passes swiftly from C towards D it presses the particles of 
air in the di^ction of D more closely together; and on 
the contrary, when the string recedes from D to 0, 
effect is to leave the space behind it in «some measure 
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deprived of air. So that tlic total ejflect of the string 
upon the atmoisphere U to produce in quick aucceasion 
coixden^tions and rarefactions of the air. 

4. the sound of such a string travels on a frosty 
day at the rate of 1086 feet in a second. Is it then to 
supposed that the air struck by the string is driven over sa 
great a spade in so slwrt a tiihe ? By ro means. TSTe have 
here a case quite sivnilar to that of waves in wate?: 
the particles of airi like the particles of water, make 
only short excursions to and fro. Sometimes they 
approach each other, and are for an instant crowded 
togethf^; they tiien vecede from each utlier to a certain 
di^Dce, then close up again, then recede, and so on; 
the oscillations of each individual particle being thus 
confined within very narrow bounds, 

5. .Not so, however, * with the undul&tory motion of 
the air thus produced. j^s^he undulations run along a 
rope when it is shaken by the hand, so eachcondensatiuii 
produced by the string moves forward through the air, 
and IS followed by a rarefaction ; these are followed by 
a second and a third condensation and rarefaction, and 
this effect continues to be produced as long as the string 
continues to vibrate. One diderence, howevejr, eiisia 
between ^le motion of the rope and the motion of the 
air; the particles of fne former dscillate at right angles 
to the direction of the wave, while the particles of the 
latter move to and fro in the direction in which the wave 
is movii5g. Along the line in yhich the motion of the 
vibrating string is pr^pagat^ed we have, therefore, a stats 
of things which may be r^resefited by hg. 7. 

* (v 



Tig. T. ^ 

Here ^he portions where the lines are far apart are 
meant to represent the spaces where the air is rarefied, 
while the packing of the lines closely toother is meant 
to show the condensed portions of the air. In the case 
of water abridge and its adjacent depression constitute a 
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wave; in tlte case of the undulations, ivhich we are now 
considering’^ a Condensation and its accompanying rare* 
fection constitute a wave. In the case of water the 
length of a wave is the distance between two adjacent 
•summits or furrows ; in the present case the length of a 
» wave is expressed by tho distance from the centre of one 
condensation or lorefaction to the centre of t^e preced¬ 
ing or succeeding one. There are^ therefore, three 
complete waves shown in hg. 7* 

• e* Effect of UNDtrLATiowa upon the Ear.^ 
Supposing a stretched meuibraue—the head of a drttm 
for example—to be placed at D* The waves of air 
proce^ing from a vibrating string, situated in* the 
direction of A, will strike upon t[je membrane, and 
throw it into a state of vibration. Now, within 
the human eir, and drawn Across the poseage ^which 
leads to the brain, therg streterted a tremulous 
membrane called tlie tympanum^ or drum of the ear, 
from its resemblance to the Jnstrument just referred to. 
This receives thv shocks of the waves of air, transmits 
them through an appropriate nerve to the brain, and in 
this way the sensation df sound is excited. 

7* On Melody, Pitch, and Harmony. —The 
famous' philosopher Galileo, to whom we hat'e already 
referred, was once pas^ng throu^A tiie cathedral of Fisa, 
when his attention was arrested by a suspended lamp 
which had been set swinging by the wind, or by some ' 
other cause. He observed, as the lamp swung^less and 
less widely, that the time which it required to perform a 
swing remained the ^nib t ai/osculation of short length, 
or amplittidef as it is called, required a^much time for 
its perforinance as a long one. Reflecting upon this, he * 
was led to the invention of the pendulum as a means of 
measuring time. The swin^ upon the playground is a 
capital instrument for verifying the otvervation df 
Galileo.^ Lel^^oy swing to and fro through the space of 
one foot, he win And that this occupies just as much time 
as when he swings tJirough ten times the dislance; at 
least, the di&rence of time is too small to be noticed. 

' Now this is exactly the case with our vibrating string; 
its oscillations become less and less widoi^orf in the 
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langTmge of science, the amplitucle of the oscillatiops 
dirnLuiyUei^; but it requires the same time to perform a 
email oseillatiori os a lar^o one* Hence the waves 
wliich it produces are uM of jtlie tfiarue letip;th; they 
follow each other at a hxed interval of time, and com- 
muriicate to the tympanum regular succession of 
impulses/ The regularity of these pulses produces a 
musical sound —it is the phys^icai cause of melody. 

6. This 13 a very beautiful result, but we will unravel 
the subject still further. A short string vibrates morj 
quickly than a long one; a light string vibrates more 
quickly' tlian a heavy one; consequently, by using 
strings of different lengtfis or of different thicknesses, 
we can produce sonorous weaves of different lengths. 
What is the effect upon the ear? It is this; the short 
waves produce a shrilleixsouiid than the J^ong ones. If 
a string four feet in,length be cut in two halves, each 
half, when it vibrates, wilt s&nd out twice as many waves 
in a second as are despatched by the entire string; the 
note produced by the short string iij this case is the 
ocfave of that produced by the long one. The sole 
physical difference between a note and its octave is tJiat, 
In tltc production of the former, only half the number 
of impul^ reach the ear iu a second as are Peceseary 
to produce tlie latter.^' 

9, The Gamut j the MoNOCHoitn- —We will now 
' examine a little more closely the nature of those tones 
which cpme into application in music. The seven sue* 
cessive notes of the gamut may'be expressed in musical 
symbols as follows i— i. 



I 10. There is an instrument which enables us to tell 
the lengths of the strings which prodii& th&^'e various 
notes; this is called a monochoid, and is sketched in 
S. A string of catgut, or wire, is attached to the fixed 
point e, ana supported by two brid^iea at^and A; the 
string passes over a pulley tn, and is stretched by a 
weight Under the tiring it a hollow so^^lululg* 
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boards ivhich serves to increase the intensity of the 
noi(»; the bridge/ is moveable, so that by causing it to 
approach or recede from the fixed bridge A, any requii^ 
length of string may be throtm Into vibrattoiK 



Fig, a 


H i By meapa of this instruiient let the first note C of 
the gamut be soundefi, and then the i^tiPfng be shortened 
until the note D is produced * on measuring the string 
which produces D we find that its length is |-ths of that 
which produces /he fundameotal note C, Let ti»e 
String be now shortened until the note E is produced ; 
the length of string which produces this note will be 
found to be ft ha of ihat which produces C. Shortening 
the string further, we find that the length udiich pro¬ 
duces the note F is ft}» of that ^ich produces C. In 
ihe same way we learn that G is produced by |rds, A 
by -Jths, and B by T^jths of the length which proilueea 
the note C. Finally, we should Hnd that the sscond C 
in the series is product by a string whose length hi 
one half of that corresponding to tlie fundamental note: 
the second C is ihe octave of tJrfsfirsL « 

12, Calling then the length of string which pro¬ 
duces the fundamental note C, luuty, the lengths which 
correi^pond to the seven notes of the gamut Are 

expressed as follows:— • 

E F G A B C 

t ^ i f A i 

Now it is ajaw of musical vibration that the number 
of vibrations performed in a given time increases exactly 
in proportion as tlio length of the strinif dpninbhes; 
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or, in other words, the iiumber of vibrailotis is invenely' 
proportional to the leng:t}j of the string, ^ Hence, if the 
number of vibrations corresponding to the fundamental 
note C be e^pTesEed by unity, by simply inverting the 
above fractions we obtain the proportionate vibrations 
corresponding to the seven notes of the gnmut, via;^ 

C 'D E E G A . B C 

13, Thepe numbeTs simply express the proportior?, 
^rhicb the vibrations corresponding to the various notes 
bear to ench other, ,,It is manifest that if, instead of 
expressing the number of vibraiions coirresponding to 
the fund amen tal note C by 1 we express it by ft, the 
numbers corresponding to the other notes must be 
increased in the same (jproportiori* Tfe octave, for 
example, would (then bt- 16 insteai^^of 2; the note E 
w'ould be 10 instead of and so on* By itmltiply- 
ing the whole series by 24, or in other words by express¬ 
ing the number of vibrations corresponding to the first 
C by 24, we clear the j^enes entirely of fractions, and 
find the following niimbt^ asiexpressire of the vibra- 
tions necessary Co produce'the seven respective notes of 
the gamii^;— 

C D E -" P G * A B C 

24 27 30 32 30 40 46 48 

The second C, ns we have stated, is the octave of the 
first: should it be required to find the number of vibra¬ 
tions corresponding ttJ tlie octaves of the otlier notes, 
we should simply have to multiply the number of vibra^ 
tions corresponding to 4ach of those notes by 2* Thus 
64 would be the number answering to the i^tave of D; 
60twould answer to the octave of E, and so on* 

If, ihorefore, in any given time the string producing 
fhe fundamental note C, make 24 vibrations; the string 
producing the note D will mate 27; tliaff procS^cing the 
note E ^ill mahe 30; that producing F, 32; that pro¬ 
ducing G, 36; that producing A, 40 ^ that pTodncing 
B| 45, and th^ producing tlie octave C, 48 in the same 

tlme4 t 
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14. But why are these particwkr natea chosen for the 
(famut? TIve answer is, that in combination they pro¬ 
duce the most pleasant impre^tf^ions upon the ear: this 
leads us to consider it is that makes one pair of 
notes harmonious, and another pair disconlant. 

If we inquire wli^ch are the notes that sounded 
simultaneously^with the fundameMal no^.e*C will pro- 
^ diice tiie mo^t agreeable sensation, we hnd them 
to stand in the fallowing order:— 

First, the octave, wliiah makes the moat perfect har^ 
mony : this impression isprorfuced two series of waves/ 
each wave of one m^ries being twice the length of the 
other. Every second wave of the octave strikes the ear 
at the same moment as the wave fi'om the fundainenLal 
note C, * L 

SeconrlIy,tthe fifth ; this ii produced when the fiinda- 
mental note C is.soundcd wLtfi Q- By reference to the 
row of proportionate v A Actions, at paragraph 12, it 
will be seen that three vibration.^ nf G are performed 
in the same tj/ne as two of C, Hence a wave from 
G enters the ear witli every second one from C* 

The ncKt harmony is tiiat of the fourth, wZikli is pro* 
ducefl when C and F are Bourifled together^ By 
reference -to the proportionate vibrniious, #ve find tlmt 
four of F's vlbratioHS are extMted in the same tiuie as 
three of CV. Here therefore we have a coincident 
vibration at the commencement of every third vibratiofi 
of the fundamental note C. t 

Tlte harmony nexf to the fourth is that of tlie thijnd, 
which is due to the simultaneoifs sounding of the notes 
C and £. Heferring again tp paragiiaph 12, we find 
that for every four idbraiions of C we have five of Bs 
The coincidences in tills case are therefore at every 
fourth vibration of the fiinda mental'note* ^ * 

15^ Thus we find the two iacts constantly accom¬ 
pany Inp ea^^^ther: the more frequent the coincidences 
the m#re penect the harmony, and hence it is fair to 
infer, that these coincidences lu vibrations afe the true 
physical ca^se of harmony. When tfm coincideitces 
become less and less frequent we ponn merge In'o 
discord, and where a number of waifes^of different 
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lengths strike in an irregular and eenAised tnannor upon 
the ear, the inipres^^ion of harmony is completely de¬ 
stroyed, and we are setiaible of mere noise^ 

IG, Interfebence op Sound,—W e have already 
referred to tEie interfirence of waves formed in water^ 
and a little reflection enables os conceive of the pos¬ 
sibility of two waves of air encountering each other so 
that they shall mutually destroy each other. Let us 
suppose the condensed portion of one wave and the 
rarefied portion of another to reach the same spot at the 
tame moment. During conden^tion the direction of 
the motion of the particles of air is opposed to that 
during' rarefaction, hence the possibility that while one 
wave may tend to cause the particles to close up^ a second 
wave may tend to cause the same particles to open outf 
and that acted upon by ti^se two oppoi^ing forces the 
motion Of the particles nuy be quite tjestroyed* Elach 
of the waves taken separately \frould produce sound, but 
acting together they produce none, and time we arrive 
at the singular conclusion that by adding ^sound to sound 
we can produce eilence* It is worthy of remark that a 
similar effect can be obtained with rays of light; by 
adding light to light it is possible to produce darkness. 
This fact hp led to the modern belief that tight is 
caused by undulations, not, as Newton supposed it 
to be, by the darting off of little particles from the 
lEUJinous body. Beeent investigations have proved 
that a similar result can be obtained with ihe rays of 
heat; by adtling heat to heat it ii possible to produce 
cold, and this fact among qthers^has led philosophers 
to believe that ^radiant Jieat is also the product of 
i^ndulatory motion. 

^ . l^BBON xin, 

1. J^ODES OF determining THE ABSOLUTE NUMBEB 
OF VlBRATJONH OP MUSICAL NOTES*—ha^ thuS 
far confined ourselves to the coasideratioR of pro¬ 
per ttoQ whi^h the vibrations corresponding to the sevea 
notes of the gamut bear to each other, Bti|^supposing 
that we hear a certain tone—the shrill voice of an opera 
linger, for example —lu there any means by which wa 
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can ascertain the absolute number of vibratioofi to which 
this tone U*due? Can we by any mecltauical m^ana 
count the number of impulsea imparted by the vocal 
organa of the singer to the atmosphere in a second of 
time ? We can. Let a strongs wooden disk about seven 
inches in diameter be weighted by a coating of lead^ 
and upon this disk let a second disk of ffiih pasteboard, 
a foot in diameter, be placed. Let the rlni of the latter 
disk be pierced with round holes, each about two lines 
in diameter, and ^exactly the same distance apart all 
round; the disk thus prepared will present the appeai*- 
ance shown by fig. 10. Let 4his disk be j^aced upon 
the vertical axis of a 
wldrling-table and caused 
to rotate. Let a glass 
tube of a diameter some^# 
what less than tlmt of the 
holes in the pasteboard * 
be so fixed that when the 
disk rotates the holes shall 
pass one after another 
exactly underneath 'the 
end of the glass tube. 

.Supj^ing now that a 
person blows constantly Fig. 10 . 

through the glass tube, and that the number of holesMn 
the disk is twenty, it is manifest that every time the 
disk goes once round twenty puds will escape through 
the apertures. By causirjg tlm disk to revolve quickly, 
a musical note will soon d>e heard, which increases in 
height as the disk increases in velocity. Let the singer 
whose voice it is our iutention to examine be placid 
near the instrument, and Jet the velocity of the disk be 
augmented until it sounds the same note as tliat sAunded 
by the singer- The number of impulses iinparteii by 
both iH^^ir will then be th^ same, and knowing the 
numlllr of Dianes the handle -of the wliirling-table is 
turned in a second, we can readily calculate the number 
of vibratioiis. 

Suppose, for example, that the disk when brougb: to 
the pitch of the voice, makes one hufidijfd revolutions 
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in a second: for ea4^h revoIofioT» we liave twenty im¬ 
pulses, and consequently one hundred times twenty^ or 
two thousand Impulses in a secornl, will be the number 
produced by the singer. * 

In like manner if we compare the sound of our 
rotating disk with that of a vibrating, string we shall 
hnd that if a ftriug, which produces a certain note be 
cut in two, to produce the note of the half string the - 
disk must move with twice the velocity necessary to 
.produce the note emitted from the whole string. If 
0ur disk be furnished with a second series of holes ten 


in number, and the not^ produced by blowing a stream 
of air^against the series of ten, be compared with that 
protluceci by blowing against the series of twenty, it 
will be found that the latter note is the octave of the 
former. ^ ^ • * 

3, The Syrbn.—TIks sW^o^e description will render 
plain to you the principle of a very beautiful instrument 
called the Syren, wliicli was devised many years ago 
by a French pliiloaopher, named Cagniard de la Tour 
A circular brass vessel, jy* (fig. 11), ia closed at the 

top by a Bniboth plate vv'i from 
the bottom of the vessel issues a 
tube y through which air can be. 
forcfiu from siiitable bellows into 
the.veasel^\ The plate vt?'which 
covers the vessel is peiforated with 
holes near its circumference. Above 
this^plate is another, u u\ which [3 
supported witik such delicacy that 
the least impulse causes it to 1 date. 
This plate is also pierc^ with the^ 
same number of holes as the under 
one, but, instead of being drilled 
perpendicularly through the plate, 
they ai e cut through*^'obkjuely. 
A plan and section of the plate ate 
given in fig. 12.^ Supposing the 
holes in the upper plate to coincide with tho^e of the 
under one, the air from the bellows will be forced 
througlt: but ut' passing thiough the oblique holes it 
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is md^nifest that part uf its fbr<:e will be expended in 
caiifiinir the upper plate to rotate, and i>y this artifice 
the plate is set in inotiuu witliont a whirling-table or 
any other special appaj^tus, As the upper pliJte rotates, 
the air from the vessel beneath U alternately cut otf 
and permitted to escape; when the holes behm coincide 
with those above a pufif escapes, but whfen*they do not 



Fig. 13. 

coincide the current is "interrnpted. The puffs thus 
escaping- create undulations in the air, and when these 
are quick enough they produce a musical sound. By a 
little tact with the bellows the motion of the upper disk 
can be preserved uniform, and then we have a uLiiform 
note I by working- the bellows vigorously, the velocity 
of the upper disk is inereased and the note Jieightened. 

Connected with the dbk,*%id rotating along with 
it, is an axis x, and on this axis is a worm, or endless 
screw, w^hich luipartfi motion to a little clock-woiic 
meehanUm above, aiKl causes the tootht^d wheels c and 
r to rotate. Attached to tho^xes of these wheels are 
two indexes or hands which move over dials, such as are 
shown in 13 : one dial teUa us thediuiuber of single 
revdutions, while the index of the otlier wheel riiovw 
forward one division every time a bunded revolutions 
are accomplished. Hence supposing after the laftse of 
a second's rotation the index of the latter dial stands at 
the m and that of the former at the number 20, 

we should know the number of revolutions accumplisfied 
in a second to be S20, and multiplying iAas number 
by the number- of perforations in the disk, we obtain 
the number of waves despatched by the disk in a seccnii.. 
Thb instrument has been recently modified by M* Dove;, 
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of Borlin : one at present in my possession tins four serfea 
of apertures. The series nearest tiie centre has eight 
holes, that nearest the circumference sixteen, the other 
two have tea and twelve apertures respectively. When 
the disk is in inotion the outer series sounds the octave h 
of the inner one, C, while the notes sounded by the other ^ 
two series dre*those marked E and G m the gamut, 

3. Supposing one hole only to be in the under pTate^ 
and that only one sei^jes of holes are used, we should 
have a case exactly similar to that first described, where a' 

Single stream of air from a glass tube was projected 
against d pasteboard * dUk, This single hole would 
produce the same note as that produced when the nuni' 
ber of perforatiotis in tfm lower plate is equal to that hi 
the upper one/ But the sound would not be at all so 
intense: by letting a puf/ escape from f^n or twelve 
holes at tlie sai)ie*ttiti«\ itEi qc^on upon the ear ia much 
more powerful than could be produced by the puff from 
a single aperture. 1 must warn you here against con¬ 
founding pitch and inUnsity: the pitcl* depends solely 
upon the number of the puffs; while tlie intensity 
depends purely upon the force df the pufTa, When all 
the holes in the upper disk correspond to those m tlie 
under one, the issue of air tlirough all must be regarded 
as a single pujf\ The rt3\iltipl]catiba of the holes of the 
under disk increases the force of the puff, but as it does 
not increase the number of puffs, the pitch b just the same 
as if only a single aperture were 

4, There is still anodier instrument made use of to 
determine tlie number of vibratioifb due to any particular 
note. It is ba^ed on theoprinciple that a succession of 
taps, if they follow each other with sufhctfnt rapidity^ 
unite together to form a musical note. The instrument 
is sketched in fig. 14: a a b a solid frame which sup^ 
posts the large wheel 6; from this wheel motion is 
communicated by a band ar, to a 

The teeth of the latter are caused to strike sgSmst a 
piece df cdr<l or other suitable substance. The siio 
cessive shocks given to the card are imparted by it 
to the atmosphere, and when the velocity of the wheel 
d b small, ft succession of tape merely b audible*. 
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When, however, the velocity increasesf, the taps appear 
to unite together anJ produce a continuouis note, the 
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pitch of which fe determined by^he rapidity with which 
the card is struck bj*the tectl^or the wheel. When we 
know the number of times the handle has gone round 
in a second, and also the number of teeth in the wheel 
d\ we can readilj^ calculate the number of taps given 
to the card in a second of time. With either this in¬ 


strument or that of Cagniard de la Tour we can produce 
a note of the same pitch as that produced by a mnsquito, 
a gnat, a bee, or a beetle, and thus infer ^rith the 
greatest accuracy the ntimber o^Tiines that the insect 
daps jta wings in a second, 

5, By experiments with these instruments _—I 

it has been ascertained ^fiat tlie low'er A of 
the treble clef, written thus by musicians, 
is produced by vibration^ wh&se rate of production is 
440 in a second. Knowing the*number vibrations 


performed in a second, it is very easy to calculate tlio 
length of the corresponding waves of air. We knojr, 
for example, that in a second of time, sound passes 
over a space of L120 feet, hence, in the case of a string* 
which vib’^jSltes'^^ 440 times in a second, at the moment 
when tho*^string makes its 440th vibration, tjie first 
wave is already 1120 feet distant; in the space there¬ 
fore of 1120 filet, 440 waves must exhit, and hence to 
find the length of one wave we must divide 1120 by 
440,and find the quotient to be 2^ feet nearly* Again, 
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let it be required to determine the length of the waves 
produced by a gnat wliicli Hups its wings 13,000 times 
a second* Here in the space of 1120 feet we have 
13,000 waves* Reducing the feet to inches, anti divid¬ 
ing by 13,000, it will be found that the length of eat^h 
of these waves would be one inch nearly. 

6* There Is a tone which marks the limit of the povver 
of the human ear, and beyond which its power of hear¬ 
ing tails; this limit is fixed at about 24,000 undulations 
per second ; beyond this the sound becomes so thin and 
shrill that it vanishes altogether. It is perfeiitly possible 
however that tJiere are animats possessing organs capable 

of appreciating sounds which are 
quite inaudible to liuman ears* To 
ascertain the number of vibrations 
cofresponding to Uie deepest note 
I of^ wbiph the lioiman ear h sensible,. 
M* Savart devised the apparatus 
sketched in 6g. 13* Here, instead 
Ftff, IS. Qf the toothed wheel d' in fig. H, 

a single bar waa caused to revolve, and at one point 
of its revolution it come veify close to two plates of 
wood placed on opposite sides of it* It did not strike 
the platens of wood, but a minute interval, sometimes 
not more than the ^OOOth pdrt of an iiich, existed 
between the plates and the bar where it passed them* 
At the moment of its passage, however, a deafening 
sound '9vas emitted; and when tlie velocity was stow, 
these explosions, foi^ they imght be called such, were 
heard in succession* But' wh'eti a velocity was imparted 
to the bar sifHiciently< great to produce eight shocks a 
second, the sound became continuous, a%ia deep musical 
note was heard, of sucli intensity that it drowned all 
oi^tnary sounds. A note corresponding to eight im- 
'pulses per second is the gravest of which the human ear 
has as yet been rendered sensible* \ 

7* On the Reflection of Sodwd.—-W e nave 
already^leamed that liquid waves striking against a sur^ 
&ce are reflected according to a certain law: the same law 
holds strictly true of the waves of sound* This reHec- 
tiou is the cause of echoes* Supposing the air to be iu 
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sucb a state that the velocity of souud is 1120 feet in a 
£it‘CODd; if a boyistand at 560 feet distance from a tiigh 
wall and shout, the iinpube travels through the air, iy 
rejected from the wall, 9knd reaches the ear as an echo, 
orjje second after the boy hus shouted* I say one second, 
because the wave has had^to travel first from the boy to 
the wall, and secondly from the wall lack to IhS boy, iu 
all ^ distance of 1120 feet* If instead of standing before 
a single wall, a boy stand between two walls, he will 
Ji^ve an echo from each of tliem; if the boy stands 
midway between the walls, both echoes reach him at tho 
same instant, but if nearer to one wctll than to the* other 
he hears the echoes in succession, the rejection from the 
distant wall reacliing him latest. It is manifest that the 
wave proceeding from one of the walls ma/travel on to 
the other and b9 reflected there l second time, and that 
in this way echoes may be^i^uAipUed,* Between the 
towns of CoblenU and Mayence the river Rhine makes 
its way between Idgh precipitous cliffs. Between these 
cliffs an enchantress named the L nr lei is said in ibnuer 
ages to have sung, and by enticing vessels on to the 
rocks and shallows of the'river, caused disastrous ship^ 
wrecks. Sometimes when the steamers from Rotterdam 
pass betvfeeb these precipices, a man comes ^ut of a 
little hut by the riverside and fir^^i gun. The echoes 
sound from side to side Like the rumbling of thunder, 
and at thU'pl^e the echo has been found lo be repeated 
seventeen times. There is a chasm among thetliarta 
mountains, where a gun is fired ^id a similar effect 
produced: in mountainous distfict^ indeed this effect is 
very common, 1 once met a lu»iter on 4he Wengern 
»Alp ill Switzerland, right opposite to the Jungfrau 
mountain : lie sounded an Alpine horn, and its sound, 
reflected from the sides of tlie mountains, returned to u4, 
iirst strong, then by degrees feebler and softer, until • 
finally it in delightful tones which resembled 

the notes tk aflntS sounding from the distant solitudes of 
snow. A single shepherd's boy^ sitting on a cftig and 
performing tha so^c^led Jvdel^ can fill a lavinc with 
the most wonderful melody, owing to the multiplication 
of echoes from the surrounding rocks and moppCains. 
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8. If we speak through a. tube, the »ound, instead of 
diverging into the atmosphere, is refleoied from the sides 
of the tube, and in this way a tkr greater body of 
sound may be sent to the ear th^ii the unaided voice. 
This is the philosophy of the speaking-trumpet* Gatta 
percha tubes are very much-used at present to convev 
sounds" from one portion of a bidding to another. 
Some time ago 1 stood near a friend in Manchester 
while he sent a whisper to a servant in the kitchen, 
which was twenty or thirty feet distant; the whisper 
was promptly re.^ponded to, although I, standing at a 
distance of three feet from my friend, heard nothing. 
The car-trumpet presents a wide mouth to the rays 
of sound; while its narrow end is caused to enter the 
ear. In this way a greater number of these rays are 
collected by reflectiorio than would otherwise reach the 
enr* In the -jvhispering gallery qf St. FauVs a spKiker 
stands at one end of* tJie diameter of the circular 
gallery while the person wljo hears stands at the op¬ 
posite end^with his ear to the walk«The wall is quite 
smooth and the whisper is reflected by it on both sides, 
the reflected impulses meeting at the point in which the 
hearer is placed. The law of reflection of waves of air 
is precisely the same as the law for liquid waves; the 
angle of incidence i^equal to the angle of reflection. 
If a sound be produced at one focus of an ellipticEd 
reflector it will be collected together at the second 
focus.^ In like manner, if we make use of the pair of 
parabolic mirrors already described, the ticking of a 
watch placed in thS focus of one mirror is distinctly 
heard at th^, focus the other, while when the ear is 
drawn aside a little from the focus ticking ceases to 
be audible. 

f 9, Sound affected by the state of the Aie.^— 

,, If the air were cut away no sound would he possible; an 
explosion under ihe receiver of an air^Uirrp not heard 
unless the sound be transmitted through thetsolid parts 
of the ^ump. Even when the air is much rarefled the 
sound is much weakened. A man^s invoice on high 
mountain summits, where the air is thin, is feebler than 
in the valleys; and the sound of a pistol fired by 
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Saus^ure on tho summit of Mout Blnnc was not lout!or 
than I hat of a covunon crnckor. The intensity of the 
sound g^rows less els we ascend, but strange to say the 
velocity of sound on the fopj? of monJiJains is just the 
saoie as in the valleys. This of course is a mere puzzle 
^hen we do not undcrstancl it, hut when it is understood 
it is very beauttfuj. Tt is^ indeed, the chfiracter of 
science to confer beauty and interest upon fuets which 
would otherwise powers no more value for us than for the 
ddg or the horse* It would be far from wise to shut out 
the beauty which natural philosophy reveals to us, and 
to seek to restrict it to the saiisfactioniof those iiec(ft.sities 
which we po'ssess in common with auimaTs. Natural 
science, indeed, helps ns to do the latter, but it does 
more, by appealing to faculties widch matf alone pos¬ 
sesses, by exarciaing hia intellect^ and filling him with 
sweet joy, in the reoognition of* bep.uty* and order in 
the creation. * ^ 

The velocity of sound depends upon the elastic force 
of the air. Hot air^ta more elastic 
than cold, and hence, on a warm 
puifimer'a day, sound travels more 
quickly than in winter* When the 
air ia at A freezing temperature— 
tliat is, at a temperature of 0^ oif 
the centigrade, or of 32^ on tiie 
Faiirenheit thermometer, the velo¬ 
city of sound Is, as before stated, 

1086 feet a seconds Al: a tem¬ 
perature of 10^ C. or 60P Fakr*, 
the velocity is nearly 1107 feet 
second. The velocity of sound 
depends, however, not only upon 
the elastic force of the air, but 
also upon its weight* Fig. 16, 
upon the the same as 

that used #to denfonstrate the law 
of Marriotte, at page 317 of the 
Second-Book ^)f Lessons: refer^ 
ring to this pbge, you will be reminded, that when the 
air has been squeezed into hedf its bulk, if passes with 
a double, force upon the sidt^ of the tube which 
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contains it; if it be re(3uced to one-third of its volume, 
it presses with a treble force against th®. ^ides of the tube, 
and the pressure thus exerted is a measure of the elastic 
force of the air. Now we have said that the more elastic 
air is, the mo re quickly will sound travel through it, 
hence you might be dispoetctji to conchide that souufl^ 
passing'through this air, with ^elasticity increased 
by pressure, will proceed at a higher velocity tiian 
througli uncompressed air. Jiut remeniher,^that in tliis 
experiment we have done more than increase fhe 
elitsiicit}/ of tlie air; we Imve also augmented its densii^i 
and \f'e find that *vliile the elastic force has become 
greater, tlie amount of matter to be set in motion Ijas 
increased in precisely the same proportion. The addi¬ 
tional weight e>iacfly neutralises the additional elasti- 
city* and sound will n^, therefore, travel more quickly 
in such condensed^ir*tban in unoondensed. It is thus 
With the atmosphere, 6xSce[>t when heat, which adds 
notldng to w^eight, is the cause of its increased elasticity• 
The elastie force at the surface of Jtlie Sea is certainly 
greater than at the summit of a mountain ; but tlie 
weight of the air is greater in the same proportion, and 
hence sound travels as quickly above as below* 

10. V^ELOCITY OF SoUNl> IN DIFFEHENT Sui&STANCP^- 
—The velocity of ffiand is dilfereut in diflbrent sub- 
si ances. In alcohol its vclcKiity at ICP C., or 50*^ Falir*, is 
3796 feet in a second ; in water of the same temperature it 
is 4767 f'S^t a second, and in satiimted water of ammonia 
it is no le^ tiian €044 feet second. In solid £iub- 
stances the velocity of sountV is ettll higher; through 
malkogany ai^ elm it| velocity is upwards of 14 times ’ 
its velocity in air; through iron and steel it travels- 
wit]I nearly 17 times its speed through aif* If a boy 
p^ace his ear at one end of a long beam of timber, while 
t another boy scratriies the opposite end with a nail or 
pin, it jB surprising with what dbliflt^ttfes^^the sound 
will be heard. If one end of a lon^ iron railing be 
etrnck with a hammer, an attentive boy standing at the 
other end will hear the sound of tha stroke twice* 
The sound travels through the meUl and through the air at 
the same time, but through the former it reaches the ear 
first, and tins is the reason why the sliock is he^rd double* 
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. I4ESS0N xnr. 

1* Xn conclusion, I will write down a few qne!tt'ions 
which will cause yon to think on what I have written, 
and thus impress it upon your mind. In all the questiona 
^ I will suppose the veloci^ of sound in air to be 1120 feet 
in a second, • • 

Question 1,— fhe flash from a fannon fired from a 
vessel at Spithead is observed by a person on shore at 
precisely 3 o'clock in the afternoon; he hears the report 
at 1 mfnute 32 seconds past 3. What is Hie distance 
of the ship from fhe observcri the pnssag'c of lijjht over 
tills distance being* supposed to be sensibly iiisflan- 
faneous? 

Qufsfion 2.—The report of a gun fired in the dock* 
yard at Portsniauth reaches ai^object at Gosport 5200 
feet distant, from which it is reflected a* a right ^ngle. 
The Found thus reflected retdiies the ear of an observer 
fitauding 4 miles distant from the object; and who has 
previously heard ^the sound proceeding direct from the 
cannon. The direct sound being lieard at noon, at wiiat 
o'clock will the echo reach tike observer? 

Question 3,-—An iron water-main, 3 mile* long, 
receives'a blow at one end; the shock is tranjmitted to 
the other, and then conimunicMiid to water, through 
w'hich it is propagated for a distance of 2 miles: it 
afterwards passes through 1 mile of air to an observer; ' 
required tlie time of its passage from beginning ^o end ? 

2* To prepare you lbr some of the following ques¬ 
tions, I must make youaciquaiQtcd A^ith certain important 
laws, which liave been establishq^ by e^f)priments made 
with the monochord described in paragraph 10, page 250* 

a. When two strings of the Siinic thickne'is and 
material, but of different lengths, are Btretched by *hc 
same w^eight, the rates of vibration, ns already stated, 
fire length, of tlie ntring. 

5. Tw/» sfrinj^ of the same length and material, but 
of different thicknesses* being stretched by tiie same 
W'elghtt the rs^es of vibj^ation are inversely proportional 
fo the diametera of the strings. If one string, for ex¬ 
ample, be three times as thick >>4 tlie othej% the number 
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of vibrations executed by the thick gtring in & second will 
be only one-third of the number executctlby the thin one. 

c. Two strings of the same lengtli, material, and 
thickness, being stretched by different weighis, the rates 
of vibration are directly proportional to the square root 
of the stretching force. Thus if one string be stretched 
by a force cf 4 lbs. while the other is stretched by a 
force of 9 lbs., the rates of vibration of these two strings 
will be as the square root of 4 is to the square root of 9 ; 
or as 2 : 3. 

Qt^estion 4.—A string 4 feet long, and stretched by 
a weight of 14 lbs,,6e{ids out B40 undulations in a second: 
to «what length must we reduce this string, so that the 
number of undulations despatclied in a second shall be 
4620? This Os solved by law a. 

Qnt^siion 5.—“A string of catgut of an inch in 

thickness vibrates 964 times in a eeepud : another string 
of the same length, and stretched by the same force, ac¬ 
complishes 4820 vibrations in a second: required the 
diameter of the latter string ? Tins is solved by law A 
Question G.—Two strings of the same material and 
thickness, one 4 feet and the other 16 feet in lengih form 
successive monochorda: the first is stretched by a weight 
of 12 Ib^i.; witli what weight must the long one be 
St re tolled,*^ so that ba;h strings r^shall sound the same 
note? 'J'hls is solved by law c, 

Quesiion 7*—'Required the lengths of the waves cor¬ 
responding to the lowest note of which the human ear is 
sensible’: I he rate of undulatio*i being that stated in 
paragraph 6 page 9S.' ^ 

8The length of the undulations produced 
by an insects wing being three-quarters of an inch ; it is 
required to calculate from this the number oi^tinics the 
iasget flaps its wings In a second. 

There is no difficulty in devising such questions as 
the foregoing; and they will be found ^^i^t^rstructivc 
and entcj taiiiing exereij^e for the pupil. * 
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^ LESSON XV* 

MEASUHEMENTj ETT. 

1, On the measurement of heat.— The sen.s (3 of 
touch is our first themiunioter. If I lay liold of a hot 
horjy it produces a certaiu chauge in niy l^iid ; tlie iutel- 
of this cfiaijge runs up iJiloiig the sensor nerves 
to the braiu^ and the feeliiig^expent‘jii-ed furnwlit^s a 
rough estiuiate of tlie tein[^SQture*(»f the IjruJy. Suui- 
larly, if I place riiy iiaurl upon a Inuip of iet% 1 am con- 
sdous of cold* Hut these sei^wifions or feelings ran not 
be expressed by hufnbei'.Sf and this iiumei ieal e^tiujare of 
teiufjerature is what we at jiresent require. The seusesj 
in fcictj may wholly deceive us* If I tome into a rooin, 
and lay my hand in succession iipim tije meuil, wood, 
and cloth which it contains, 1 ^^lerience tlirfe diHereut 
sensations* When the air of the mHu is hot, tlie ciuth 
feels warm, the wood warmer, ami the metal wuruiest, 
of all* If tlie air of the room be coldi tiie series -s 
reversed, and the metal becomes coldest of all. * Hur ad 
‘thes^e siibstaijcps, while they aft^efcthe tenses flius dirter- 
ently, have, in reality, one And the same temperaiure, 
namely, that of the air in the rdbm. T^^l> persoiw hnve ^ 
bcEm known to meet on a mountain, the one a^j^ceniling 
and the other di'sceiiding; the desccndiiig traveller 
his cloak from him, complaining of its warmth, wJ^ile :he 
a seen d.» ter draws his cloak more clusely aboift 

him, and comp^J^is of cold, The fact is. our budies are 
perpeUiilly clianging wiriuii certain limits* have 

winter bodies and summer bodies; and a <lny which we 
should considfer warm ^n winter would, be bitterly cold 

R 
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in @uiCTner, It U mam Test thsit no certain science could 
be founded on the indications of an instrument so vary- 
infir as tlie sense of touch. What then are we to do ? 
Heat baa been called a fluid j but we cannot measure 
this fluid by the quart—indeed we cannot measure heat 
directiy af aU ; but we can measure with great accuracy 
the effects which heat is capable of producing, and these 
effects furnish us with an estimate of ibi quantity. 

2. Whenever wespeak of “quantity” in science, a cer¬ 
tain fixed standard is always implied. Let me briefly indi¬ 
cate hoi;^ this standartiiis obtained in the case of heat. The 
ordJtiary thermometer consists of a glass tube with a fine 
bore, which is blown out into a biilb or a cylinder at one 
end, Tiio bulb^and tube are partially filled witii mercury. 
Now, one of the connmVjiesf effects prodveed by heat is 
that tine ailditioR of It rauses bodies to expand, while 
the abstraction of it caused vticm to contract* Lei our 
glas^ bulb and stem be surrounded by melting ice at 
the level of the sea, say on the coast of England; the 
mercury contracts as it becomes colder, the column in 
the glass tube sinks, and finully, when the mercury has 
assumed the temperature of the melting ice, the column 
will become srationary. You may now sail away from 
England to the North: Pole anti make the experiment 
there; to the Torrid Zone and try tfie experiment 

^ there. You will always find that the mercury, sur¬ 
rounded by the melting ice, stands at precisely the same 
point al] the world over. It is'not that the mercurial 
column cannot be cansfed to,sink Jower, For if the ice be' 
suffered to fa)),below exact temperature at which U 
meltSy the thermometric column sinks immediately* Its 
constancy when placed in the melting ice is simple due to 
tlierfact tliat ice melts, or that water commences to freeiie, 
qt precisely the same temperature in all parts of the world* 

3, Let the point at which the merci^ be care¬ 

fully marked—it is I be/rfesirtjfpowioftcie thermometer. 
Let the lame instrument be immersed in boiling water 
at tijo sea level on the English coast—the mercury 
expands and rises in the lube, until it attains the tempe* 
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rature of the boiling water. Here it remains stationary. 
Let the point at which it stands be marked—this {a the 
boiling point of the themiometer* Ton may now repeat 
the experiment as before: travel north or south as you 
may; bo long as you keep at the level of the sea, or, 
^ Jhore accurately, so long as the height of your baro¬ 
metric column rqpiains constant, tlie height'at wfiich 
the mercury stands in the thermometer plunged in boib 
ing water will be perfectly constant also. The disfance 
'between the freezing point and boiling point is divided 
into a certain number of equal par^ called degrees, 
which are sonaetimes marked uponithe glass tubS itself^ 
and sometimes on a scale attached to the instrument* 

4, The possession of these two fixed points enables us 

to compare one thermometer with another’ll is manifest 
that the length to which the thermometric column ex¬ 
pands between the freezing and ihetboilsng tempeiature 
must depend upon the size dr\he buib and the bore of 
the thermometer tube. If the bulb be large and the 
bore fine, the length through which the column expands 
will be greater than if the bulb be small and the bore 
wide* Thus the degrees of different thermometers may 
have different lengths, but they are of equal values- 
If in two thermometers the distance between t^je boiling 
point and the freezing point Hivided into the same 
number of equal parts, it is plain that the body which 
shows 10° or 50° of temperature with one thermometer 
will show 10° or 50° with the other, , 

5, On the thermomeftir of Fahrenheit, which is the 
one mostly used in this country, th? distance between the 
freezing point and boiling poii)t is divjd^^d into 180 
equal parts. Fahrenheit dipped his thermometer into a 
mixttire of snow and salt, and found that the mercury 
fell much below the freezing point of water. He wi* 
wisely concluded thst the temperature of the snow and^ 
salt was lowest atUtnable^ and hence he was 
induced maAi that temperature 0 upon his thermo¬ 
meter : starting from this, he found that the ffreeziug 
point of water, was 32 of his degrees higher in tempera- 
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ture; arid on lil.s theriuomuter accoriiiiigly the freezing 
point is marked 312^* This number, ^xlilcd to 
Skives 212^ as tlie boiling point of water, according to 
,!i?aljrenheit*s scale. 

On the thi^'inometer of Celsius, which is that most 
commonly used in France, the freezing poirjt of water 
is called 0, Imi the dbrance between *.he freezing point 
and boiling point is divided into 100 equal parts- It is 
therefore usually called the Centigrade thermometer- 

The thermotneter of Reaumur is very commonly used 
in Germany, and on it die distance between the freez¬ 
ing and boiling poinfa is divided into 80 equal parts. 

6. Hence we see that ISO'^ of Fahrenheit equal 100® 

of Cid^ins, and 80^ of Reaiuiiur; or 9^ of Fahrenheit 
equal 5° of fcelsius, and 4® of Reauimir. From this 
pmpnrtion it is eiisy to^mvert the degt<s^s of one scale 
into tho^ of Another, bjit this variety of diviMuu is 
nevcrtiiclessa perpetual source of inconvenience. When 
a scientific man is intent upon Ids ‘work, he does not 
wisli to have his atteiitiun tlistrnct/^d by having to 
translate the language of one fliermometer into that of 
another. Besides, the term degree is sometimes used 
without mrutioii of tlie scale to which it belongs, and 
thus uncertainty and error are introduced. But nations 
are ineit, and alter fiicir haluts with reluctance- To 
cope with this inertia a correspondirig energy, the energy 
of youth, is required. Is it too much to hope tliat some 
of my i;^aders may at a future day lend a liund in re- 
nioviog the inconvenience atiemJant on the use of three 
different thenuometne scales? * ' 

7. On the^boh.iko?point of liqcids. —Let uf% here 

endeavour to comprehend clearly ihe circ^^irstauces 
under which a liquid b(uls. Look, lor example, at a 
veSsel of boiling water: the water by heat is converted 
dnto steam, which rises in bubbles to the surface; and 
Fomelimes, where the action is not you may 

see one or more of these bubbles flouti(% on tlte surface 
for a cofisiderabk time, Ju!it consicier the state of the 
film of water which constitutes such a h/ibble. It baa 
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£tteam within it and air without it Supposing tho 
bubble to posses aauriaoe of one square inch, we know, 
from a preceding article, that the atmosphere pre^f-es 
upon its surface wiih a force of 15 lbs. Ht>w is it thou 
J:hat the fragile thing is not cruslied by this imnienstj 
pressure? simply because the pressure of the steam 
witliin is exactly equal to that of the air wfthout Tlie 
film is in feet euelosed between two elastic cushions 
which press upon it equally in opposite directions; and 
‘this explains an expression that you will often meet 
with, namely, that the pressure of stcain-aT 21 Falir, 
is equal to that of one atiuospltere, Ihit you nmy 
retort by saying that if the bubble thus depends upon 
the pressure of^the atmosphere upon it, the boiling point 
of a liquid must vary as the atmospJieric presHure 
varies* Take*for example"the^ase of a bubble figaiing 
on a vessel of boHing waje^ at Hio summit of Mont 
Blanc ; the pressure of the steam within such a bubble 
IS also equal to the pressure of the air without it. But 
the pressure of tke air must be far less than at the level 
of the sea, as we have liere a great part of the atuiOripiiere 
below us, and hence the steam within the bubble cannot 
have the same elastic force as when the water is boiled 
at the ’sea level. This reasoning would bt in exact 
accordance with facts. The steam above htxs less 
elastic force than the steam below, and to produce tins 
feebly'elastic steam less heat is required ; or, in otfier 
woids, the boiliitg poii^t on the mountain is lower than 
at die level of the sea* On ^Doiikia mountain in 
the Himalaya, at an fiievafion of 18,000 fet^t above 
the sea, water boils at a temperature "of 180^ Fahr, 
At the Hospice of Su Gotliard, wliich is nearly 7,000 * 
feet above the sea, the boiling point ia 199"^* At 
Berlin, which is very low, being only 131 feet alTove 
the sea, the boiling point is 211*6^ or nearly 212“^* 

I have a'%other place that the heights of moun¬ 

tains ari ascertained by means of the barometer, Pre* 
eisely the same information may be obraitiedliy meana 
of a that moiActer^ on account of the gradual lowering 
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of tho boilings poi[it as we ascend above the level of the 
6ea« * 

8* People who take chocolate for breakfast can tell 
when the servant has omitted to make the water boil j 
for if the water be not hoiling, or nearly tlie cho¬ 
colate wiljl not BwelL Were uuch people transported 
to Donkia mountain they must be content with an in¬ 
ferior beverage, for there the heat of boiling water 
would be insufficient to make good chocolate. Tea, 
soup, starch, all of which require a temperature near 
212^, nt<ist be very inferior when made at such a height, 
9,- But it is not dCcessary to ascend a mountain in 
order to see the dependence of the boiling point upon 
atmospheric p^resaure. If a vessel of hot water be 
placed under the receiver of an air-pump, on exhausting 
the receiver, and thus Aimoviiig the pressure from the 
surface, the water will bo?l, In the case of the more 
volatile liquids, it U not necessary to heat them at all. 
For example, alcohol at an ordinary temperature will 
boil violently when the atmospheric pressure is removed 
by the air-pump. Let the neck of a flask half filled 
with water be furnished with a stop-cock^ and let the 
water in the flask be boiled over a lamp. The cock 
being opeflj, the steam^ ^^nerated will escape and carry 
with it the air which occupied the upper portion of the 
^ flask. When all the air has been removed, and the space 
is filled with pure steam, let the stop-cock be closed and 
the flask removed from the laipp. Ebullition ceases. 
!^t if a little cold water be pour^ upon the upper part 
of the flask, the cooled gl^s 'partially condenses the 
steam within, rriieves the water of iu pressure, and the 
liquid again boils. The whole flask may be^^^lunged 
into a vessel of cold water, and a violent ebullition 
1 b thua produced. 

^ 10. f think you are now prepared to accompany me in 
the examination of a wonderful pheflonKIKtn, which 
illustrates in a striking manner the principle which we 
have been considering. I allude to the Geysers of Ice^ 
land. Let us approach the subject calmly, make our* 
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aelves clearly ajcquainted with the fiicts, and proceed 
like philoaopUers to the explanation* The Great Geyser 
of Iceland conflista of a tube 70 feet in depth and 10 
feet in width, which ex panda at tlie top into a basin 
between 50 and CO feet in diameter The tube and 

p, 

basin are lined with a^smooth plaster deposited by the 
water, and whie][t is so hard tliat it resiat% the blows of 
a hammer^ On arriving' at the Geyser we will suppose 
a traveller to drtd the tube and ba;siii full of hot water 

* Explosions which shake the ground are heard at intervals 
beneath the earth, and after these explosions the water* 
in the basin is agitated. The Geyser columa is lifted 
up, producing an eminence in the centre of the 4);isiji 
and causing it ^to overflow. These liftings of thecoluimi 
may be regarded as so many unsticcesiful attempts at 
an eruption.* In time, howei^pr, the water in the tube* 
becomes hotter, tlje explosions ai^ tlua agitation* of the 
water in the basin beootni? thoro irequent, the eminence 
in the centre of the basin rises higlier than before, and 
filially the hot^ liquid wrapped in clouds of steam, is 
projected upwards to a height which aonietimes exceeds 
150 feet. 

II. Sir George Mackenzie, who travelled in Iceland, 
and his written a description of the island, attenipled to 
explain this plieuomenon, aid his theory met with 
general acceptance for many years. He assumed the 
existence of a subterranean cavern half filled with hot 
water, and communicating by a bent canal with the 
tu^ie of the Geyser, *The upper portion of tins cavern 
he imagined to be ^kd ,witli^ steam, and at certain 
intervals he supposed the water in the cavern to be 
suddenly heated, and steam of grm mrce to be gene^ 
rated, which, reacting upon the surface of the water in 
fhe cavern, pressed it downwards and the Geyser 
column upwards, I mention the tlieory thus on account 
of the wSjeh it long retained upon men's udncls. 

I wil^not dwe*ll upon it further, but will procmi at 
onee to the true explanation given by Profesior Bunsen 
of Heidelberg, who visited Iceland in the year 1846, 
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12, In Tuitnritl philosophy we mu^t be able to 
axjJ 9pu<:tjUite, but the true philosoplier will cheek lil$ 
ppcculatioiiw whenever it is possible by an appeal to 
facts, Butif^eti diii so in hia exarubiation of the Geyser, 
By the immersion of suitable thermometers he made 
hiniself accurately acquainted w^jth the temperature of 
the water ih (.fie tube, and found th^jt the Jieat in^ 
creased gradually frtnu the top to the bottom. He 
aKCertairicd tlie temperature at 3J1 hours 13 minutes, 
at 5 hours 31 minutes, and at 10 minuteSj before a great 
cniptiori. He found that as the time of an eruption 
drew ncai^ the wafer in the tube became hotter; but 
\vliat‘iH most remarkable, he also found that even 
iminediately before the eruption to<?k place* at no portion 
of (fie tube hafi the water attained its boiling point, 
that is jio say, the boiiiijj|r point corre^^poitding to the 
pressure upon it, hope you will untleistijnd me here* 
The water in tlie basin had inVrely tlie pressure of the 
air upon it, and its temperature was considerably under 
212'^, The water at the bottom of thq^tube was, it is 
true, cunsidenibiy above 212'^, buf as it had here to 
bear the presume, not only of the atmosphere, but also 
that of a column of water 10 feet hiyh, its teinpeiature 
was aclually several degrees lower than that at which 
the liquid could boil umM such a pressure. 

13* But if the entire cotunm of water be at a tempera-^ 
ture below its boiling' point, how is the ebullition in the 
basin to bf^ accounted for? How ar^ tho^se lifliirigs of 
the col mini, which I have called hnsuccessful alleinpts 
at an eruption, to be eSplaified ?i. The Geyser-tube is 
fed by ducts whith ramify; through the hot rocks, and 
X is the steam suddenly generated in these du^ts, and 
rushing into tfie tubo at intervals, which lifts the 
column and produces the explosions. I have now to 
driiw your afteiition to another very remarkable fart, 
and T hope if my facts come too tliick thattyotf«#iril pait»e 
and reflect, and flius give yourself fiine td comonfhend 
them (dearly, Bunsen found that at a height of 30 feet 
from the bottom^ tim water approached n^rer to its 
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boiling point tlian at any other portion of the 
The actual temyerainre here was which ua^ wiiliiu 
3^ of the temperature at 
which the water would 
boil. This near approach 
To the boiling point can 
* only be referred to (he 
heat comm uikicate^ to the 
column of water at this 
^piaee by the sides of tlie 
tube. 

H, Thus furniKhed 
M'ith the iacts, let us now 
try to explain hoWj under 
such circumstances, an 
eruption is possible. Let 
A 11 fig. Ij be the^Gey^ 
ser-tube and basin, ami 
tt c a stratum of the liquid 
at 30 feet from the bot¬ 
tom, The temperature of 
a c jilst beioje an erup¬ 
tion is 252'^, Suppose 
that byihe entrance of a quantity of steam frorji the duels 
which feed the tube, the columl ^s lifted so as to briug 
a c up to 6 rf, 6 feet hii^iier than its former level* This 
supposition, be it remembered, is quite in accordajjce with 
fact, for tike citkitiences in tlie basin already referred lo, 
show that the column is ^^imetimes lifted more than 6 feet, 
When a c is lifted to b e/^the sj;ratiAji at ^ ^ has b feet leiis 
pressure upon it than before. ,Under ^his dimirushed 
pres>iure its temperature is above its bolhagf point. It 
possesses 252° but it would boil in its n^^w posirion at 
250°. What ia the consequence? Tile excess of lieL*t is 
instantly applied to the generation of more steam; thg 
column jsjiMted*^higher, and the water beJow b d ia 
reliesed^f its pft:es&ure ; more steam L iluis geneiated, 
which 111 its turn dimioishej* tlie pre^Mire, il'lius re- 
Uevedj the nyiss of water in the lower portion of thd 
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tube bursts into ebulIitioUj propels the liquid above It 
into the atmosphere; and the Geyser ^eruption takes 
place in all its grandeur. 

IS. The more you ponder upon thia explanation, the 
morcj I think, you will *be satisfied with its beauty and 
sufficiency. But when a test of a theory can be applied, 
let us not n^lect to apply it. It will be observed that 
the great difference between the theory of Bunsen and 
that of Mackenzie is, that Bunsen Tejects the cavern, and 
finds in the tube itself a sufficient cause for the phe-' 
nomenoji; can we not test this by experiment? We 
can. I possess a tutje of galvanised iron 6 feet long, 
and about 6 inches ia diameter at its bottom. To 
irjcrease the effect, and lessen the quantity of water, the 
tube tapers gradually towards the top; here it enters 
water-tight through thc^ Joottoni of a b^ip of sheet zinc 
about 5 feet in diaitieter. Tiie tube is filled with water; 
a fire is lighted beneatli it, and at about 2 feet above the 
bottom, the tube is embraced by a second small fire, to 
imiJate the lateral heating of the pipe of the Geyser. 
With this simple apparatus all the pnenomena of the 
famous Iceland spring can be imitated to perfection. 
One experiment often made with this apparatus is very 
striking, and further illustrates the principle at present 
under consideration. J'be top of the tube is stopped with 
a cork; the water thcFi confi^ned does not boil at 312®, but 
. goes on heating until its vapour is sufficiently strong to 
force out the cork. Its excess of heat is then instantly 
applied to the generation of stea.i:i, and the consequence 
ip, that the water is projected upwards to a height of 
30 feet. This is an exact imitation of, the action of a 
second spring Vn Iceland, wliich is called the Strokkur. 
The natives throw clods into its tube and eh^ke it up; 
aft^r a Utile time these are ejected like the corkj and 
the water of the^ spring is projected to a height sui- 
paasing even that attaint by the Greaf.G^)ii^. 
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LATENT AND SPECIFIC HEAT, 

^ 1 , On latent heat, —Many of the terms of science 
are iodicative of the theoretic views of tho&e who first 
used them. Thus the man who first ^ntpleyed the 
term at the head of this section imagined iieat to be 
something which could hide itself, in some way or another, 
in the pores of matter, so aa to elude ordinary methods^ 
of observation. Latent heat always comes into play 
when & body changes its state »f aggregation; svljeu 
it passes from the solid to the liquid, or from the liquid 
to the vaporoijs or gaseous condition. While the case 
of water is still fresh in our minds, let iTs take it for an 
example. Suppose a lamp which burns with a perfectly * 
constant flame, and which ^iway« gi^es out the same 
quantity of heat per minute, to be placed under a vessel 
containing water at 32^ Fahr,, that is, just at the 
freemg pointy ^nd a thermometer to be placed in the 
waters as heat is communicated to the latter, the 
mercury will rise, until the point SI2° is attained. 
Here the water will commence to boil, and here the 
thermometer wilt ceme to rise. You may continue to 
apply heat, the lamp may be^^fbst as active as before, 
and communicate its due amount of beat per minute to 
the vessel, yet higher than 212° the water will not rise! 
If you immerse your thermometer in the st^m which 
issuer from the vessef^ it also will show a temperature 
of 212°, and no htgherf so that though the heat is giv^n, 
it does not show itself anywhere; it has hidden itself iu 
the steam, or, to use the language of the discoverer o^ 
the fact, it has become latent. Let us now seek to be 
accurate in our observations, and endeavour to fiiM the 
quantity of heat which is disposed of in this way. I#t 
U 9 suppoi^ the*experiment again commenced, and the 
time required 1>y the lamp to heat a single ounce of water 
from 32^^ to 212°j or through 180^, to be accurrftcly noted. 
Let the action now \9e continued until all the water has 
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been reduced to a state of vapour; it A^ill be found that 
the time necessary to produce complete'evaporation is 
almost exactly 54 times tiie time required to rJiise the 
water through 180^. Hciicej if the water had jjot boiled, 
but had gone on heating after it had reached 212° as. 
before, it would, in the time necessary to reduce it all to 
vapour, have?*augmented its tempemtv.re by Sj limes 
180“^, or 990“* These 990° have been rendered liiteut 
by the steam, and this number is calW the lairnt 
heat of steam. Added to the 212° which the water ' 
already ^jossessed, it would give 1202° for the total 
temperature of such'water j but instead of reaching 
ihisjht is cut sliort at 212°, and all beyojjd this point is 
hidden in the vapour* 

2. Let us now reverse Ihe experiment and see whether 

wc camibt bring this 
beat from its hidinir 
place* Let A, fig* 2, 
be a Sask containing 
water,and through iis 
cork let one end of a 
glass tube C pass air* 
tl^hti Let the other 
end of the tube dip 
into water at 32^ con¬ 
tained in the vessel B. 
Heat being applied to 
^the flask A ujjtil the 
water Imils, the steam 
will i^sue through C* anii be condensed by the water in 
B* By degrecii', the water in B becomes heated, and 
\t finally bods. We will now endeavoitr ftom tins 
experiment to determitie the latent heat of tiie steam, 
and thus check the result which we have already obtained. 
Suppose the vesi>el B at the com men cement of the ex¬ 
periment to have c<*ntaiiivd 5i ounces of wStfeV, it wdl 
bo found at the moment when it commences to^boi] to 
contain 6i*ounces; that is to say, 1 ounce of water in the^ 
riiape of steam lias gone over from*A i thatuteaui Itad a 
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temperature of 212° ihe watt^r whidi it boils lias a tein- 
peraturt; of 212°, cort^iequeiitly the ounce of steam lias 
boiled the 5i outjces of water wUhoul sensible 

temperature of its own. It has boiled the water by its 

^ latetit heat. 

3. Now, suppose a man with 100 shillings in his 
purse distributes^ these equally among fivfc*p6rsons, each 
person would receive 20 sliillings^ if instead of thus 
dividing hU money he gave it all to a single individual, 

* tills person would, of course, possess five times as much 
as any one of tlie five would have done. So also if the 
ounce of steam, instead of distributing its heit among 
5^ ounces of water, had given it all to one ounce* that 
ounce would ^have received 5i times the number of 
degrees of tfie larger mass ; and as the ni/tnber of degrees 
received by. fefie larger mass is 480^, a siujilc ounce would 
receive 54 times. 180®, or^ 990^# "i'hus, in oar first 
experiment we found thatbne ounce of water on being 
reduced to steam,hid 990^ of heat; and in our second 
experiment, we Jiave brought this heat from its hiding' 
place, and found tliat it woulrl be exactly capi)>le of 
heating an ounce of water (supposing it not to boil), 
990 . One result, tlier cfore, confirms tlie other, I 
may lemark, however, that recent experiments make the 
latent heat of steam 907^ insttSili of 990^, 

4. The enormous absorption of heat which accompanies 
the conversion of a liquid la to vapour l^x plains many 
singular phenomena. If you place a drop of ^ther upon 
tiie back of your haifd, the liquid, being very volatile, 
speedily evaporates': heat .is aBsorbed from the baud, 
'nild a sensation of cold is produced, lie Vine-coolers 
of the East consist of vessels of porous earthenware, ^ 
bottle of wine is placed within the cooler, anti the space 
between the two is filled with water. This ookcs thiiough 
the porous cooler, and moistens the outside of it. 
moisture^*# evajiorated, and its place cotitinually sup¬ 
plied ^h\i wafer from behind* Through this continued 
production of vapour a great amount of lieat is ab^ 
stracted froiji the water; the latter becomes cooled, and 
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produces the desiired effect upon the wine. If the 
porouii vessel be placed in a current of air, evaporation 
is hastened, and the cooling is more speedily effectedp 
Again; a stone in Lapland^ and a stone on the 
burning plains of Sahara, have very clifferent tempera^ , 
turea; but a traveller in Lapland has almost exactly the 
same ternpeVature as a traveller in Sahara* The health 
of the human body appears to require that its tempe¬ 
rature should only vary within very harrow limits, no 
^matter where upon the earth^s surface it may be place'd. ' 
How does nature secure this constancy amid such varied, 
external conditions ? The evaporation from tlie body 
is the regulaton In hot countries this is greater than 
in cold, and thus the excess of heat is carried away. 

6. Let a watch-glass containing ether be placed upon 
a small^ dish with a little^water between tSie glass and 
dishj and kt the*whcle be^placed mider the receiver 
of an air-pump : by working the pump evaporation is 
promoted, and in this way cold may be produced suffi¬ 
cient to freeze the watch-glass to the dish on which it 
rests. The experiment is most easily made with two 
watch-glasses wliich have their bottoms rougliened by 
grinding. Turn one upside down^ place a drop of 
water upon L*, and on this place the second glass cdnlain^ 
ing the ether. A very few strokes of the pump will be 
sufficient to freeze the glasses together. Care must be 
taken not to allow any portion of the ether to mix with 

^the drop of water to be frozen, as (his, on account of the 
difficulty of freezing th^ ether, would completely vitiate 
the’ experiment. * ^ 

7. The cold pioduced by evaporation is strikingly ex-' 
hibited by the instrument called the cryophoriif. This 
instrument consists of two bulbs, A and B (fig. 3) united 
by a felass tube. A portion of water is introduced through 
arraperture at C, and is boiled until all the atr is expelled 
through C, when the aperture is sealed vfith fflMowpipe. 
The instrument is now complete* To sfiow its oction, 
let all the Water be brought into one of the bulbs, say 
A, and let the empty bulb B be surrounded by a 
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frvpzing mixture. The water in A evaporates and 
makes its way tt> B, where it is condensedj thus leaving 



room for the formation of more vaponn Heat ia thus 
continually abstracted from the water in A, which, after 
a short time, is converted into J mass of solid ice-* 

8, But perhaps tlie mostjwiarkable case of refrigera* 
tjon ia that furnished by carbonic acid. At ordinary tern- 

f temtures this substance is a gas: it is exhaled from the 
ungs, it efferveiicea from champagne and poda-waier, 
and if an acid be poured upon chalk or marble^ tlie^^aa 
is liberated in great abundance. By mechanical pressure 
this gas can be made to assume the liquid condition, and 
in this‘state it is preserved m iron bottles of great 
strength. When the cock of a doUIg, filled with this 
liquid, U turned so as to open a communication with the^ 
air, a portion of the substance flashes suddenly into 
vapour, but not all. Sip great is the cold produced by 
the vaporization that a portion is actually frozen, and the 
solid carbonic acid ma} bcT collected as a pure white 
snow, • • 

9, It is now necessary to say a word regarding the heat* 
absorbed when a body parses from the solid to the 
liquid condition, Xet us take ice as an exatfiple. 
Supposing we take the subf^tancein midwinter, at atenV 
perature lower^tlian the freezing point—say at 15° Fahr,, 
and pbicp it in a vessel with a constant flame under¬ 
neath it, A thermometer placed in the vessef will first 
show an inci^ase of temperature; the mercury will rise 
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until it readies 32 °; at this point the ice will commence 
to melt, and at tiuii point al±iO the upwai^d motion of the 
mercury will be arrested. As long as the ice coritiiuiea 
melting, the thermometer will show a cgnstant tempo* 
rature of 32°, and when the ice has disappeared, but 
not before, the mercury will n'mme its upward motion. 

It is manifest that we have here an instance similar to 
that already described in the case of steanti. During tlie 
melting of tfie ice, heat is continually communicated by 
the lamp, but it does not siiow itself upon the ther¬ 
mometer It seems to be hidden in the watery to use 
the ordinary term, if'is rendered latent 

10. IIow are we to esrimatc the quantity of heat thus 
alwoi bed? We may do it in tliis way :—Take a pound 
of ice at 32°, that is, just at its freezing point. Take a 
pound of water at a tetifiperature of 175H* Mix these 
together; whenihe*exp(-r^iierjt is properly made, it is 
found that a pound of water at ihi.s tempei’ature is jus^t 
siifbcietit, and no more, to melt the pound of ice. 
When tfie melting is complete, the resulting liquid is at 
a temperature of, 32°; consequently the ice, on being 
rendered liquid, has received 175°—32°— 143° of heat, 
without becoming sensibly warmer. To the thermo¬ 
meter and to the hand it is of the same temjierature 
before it is melted amf after it is melted. The 143° ot 
heat communicated lo it have tlierefore been rendered 
latcjit This number expresses the latent heat of 
water. ^ 

11. We may check fhifiresult by the following experi¬ 
ment —Let two lamps which give out the same quantity 
of heat per minute be piEiSed under two equal vessels, one 
of which contains a pound of ice at 32°, and the other 
a pound of water at tlie same temperature. Let a ther¬ 
mometer be placed in each vei^sel. That immersed in 
the water will rise from the commencement of the ex¬ 
periment; that immersed in the ice itrill Temain sto* 
tinnary at 32° until all the ice has been meltid. At 
the momf^nt when the last bit of ice disappears let the 
tiierniometer, plunged in the wafer, be read off: it will 
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show 176*^, Subtracting 32"^ from this, we have 143'^ 
as the quantity^communicated to Uie water by the lamp; 
but the same quantity of heat has been communicated 
by the second lamp to itjs vessel without raising its 
temperature at alb It has been applied to liquefy the 
•ice; hence, as before, we arrive at the cmiclusioii that 
these 143^ have been rendered latent duritig* the lique¬ 
faction. 

12. It IS not difficult to show that water in freezing 

*yielda up the heat thus rendered latent; but tlie ex¬ 
periment is much more striking ivith siilplmte of ^odn. 
Let as much of tliis salt as possible be dis^^ftlvcd in 
boiling water, and let the solution bo placed a 
flask or beaker to cool: if it be permitted to remain 
perfectly quief, it will cool gradually,' and renjain, 
when cold, in^ liquid conditio^. If a thermometer be 
now plunged into pie solution, it jnimt^diatcly thickens 
to a solid round the nienijohieter, ajid <he process ot 
crystallization thus commenced speedily ex¬ 
tends itself throughout the entire mass. At 
the same time the thermometer will he seen 
to rise, the latent heat of the liquid being 
rendered free by the passage of the sub¬ 
stance to the solid state* ^ 

13. The dissolving of alittlif A\]tpetre in 
water instantly reduces its temperature, as 
may be seen by the falling of a thermoi 
meter plunged in the liquid. Air-thermo- 
meters, being more sensitive than niercurial 
ones, are the best for^sucti cxperiiuemfl. 

Any boy may readily make an ^ir-therj^o- 
meter for himself* Let a common test- 
tube be taken and furnished with a well* 
fitting Cork* Through this cork let a small 
glass tube pass air-tight, and let its lower 
end dip int» a Jiftle coloured water (A, 
fig. 4) at the borttom of the tesMubc. When the latter 
is iminel^ed in a warm liquid, the air at a a^xpands, 
presses upon j:h6 surface of the water, and forces it up 
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in the tube^ c. Very Bmall differenoeii^ of temperatura 
muy be thus rendered manifest. 

14, If sj:ace permitted I might show you the in¬ 
fluence of the facta we Jiave been considering upon tfie 
cHiiiates of various countries* Europe has a remartably 
mild climate^ considering its position upon the surface: 
of the giob^ The eastern ctAist of America has a 
climate far more severe than the 'Opposite one of ^ 
western Europe, Tlie river Hudson, which is in 
nearly the latitude of Roinc^ is sometimes frozen during 
three months of the year. Nay, so great is the cold 
observed in some part^ of North America, that it gave 
rise '^0 tlie idea that the north pole of the earth was once 
in this region, and that through some great convulsion 
of Nature tlie^axis of the eartli had bee^i shifted from 
the position which it oi^ce held. But tWs idea would 
scarcely have aiicn had it been known how immovable 
the posirion of the earth*s^axis really is ; and, besides 
this, onr present progress in meteorology has quite 
explained the diflftcuities to which we refer. Compare 
the western coast of America with the western coast 
of Europe, and the differences of temperature dis¬ 
appear, The land between the Rocky Mountains and 
the pacific Ocean has a European climate; tlie 
reason being that the iif;pours drifted towards the con¬ 
tinent from the Pacific are condensed by the moun*- 
tains; in condensing, they yield up their latent heat, 
and thus preserve the climate mild. It has been 
thought' that the w'armth of Europe was due to the 
descent of air which diad j)aascd over the hot soil of 
Africa; but tijis air, on account of the velocity im¬ 
parted to it from west to east by the diurnal motioD of 
the earth, does not reach Europe at all, The cradle 
of quT southerly winds is the West Indies, and the secret 
of the mildness of Europe is, tliat it is the conden^r 
Sf tlie vapour of the Caribbean Sea, ^ 

15. Ojf SPECIFIC HEAT*—In treating of latent heat I 
said that the term was suggestive of the riieoretie 
opinions of the peraon who first used it Heat, like 
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light, magnetism^ ami electricity, was ranked amoug 
what were carlled imponderable bodies—bodies without 
weight, but still capable of being mixed up with ordinary 
matter* Heat, looked at from this point of view, was 
called by the Germana wSnnestoft'*'--that is, the stuff 
or materia) of heat; afid in chemicai books we still find 
the combinatioifcof bodies with heat epoHen of, just as 
such books speak of tlio conibipation of one material 
substance with another* This is called the material 
theory of heat Now it is found that different bodies 
require very different amounts of heat to m^ke tliern 
equally warm* Suppose, for (fttample, all the^ heat 
given out by the combustion of an incli of candle to be 
communicated to a pound of water at a^temperature of 
32*^; the water will liave its temperature augmented, 
a certain Jiuibber of degrees. * If the same amount of 
heat be imparted* to a poqnd o? me'tcury, the tempe' 
raiure of that liquid would be raised thereby far 
higher than that of the water* In £ict, to raise a 
poujid of watei^a certain number of degrees in terupe* 
rature would require thirty times the heat necessary to 
raise a pound of mercury the same number of degrees* 
Hence, in accordance with the material theory of heat, 
it was'supposed that water possessed a grsater power 
than mercury of drinking iif the heat Tliig power 
was called its capacity for and ^rnetimes its 

specific heat^ We have referred to two liquid bodies ; 
but solids also differ from each other in tlii» respect 
If the same absolute amount^of heat be communis 
Gated to a pound of leaSl and a pound of iron, when ex¬ 
amined by the thermometer tlie iron will be found to 
be much cooler than the lead ; it ^vould require a 
greater amount of beat to raise it to the same temper 
pature. Hence iron is said to have a greater ca]J&city 
for heat, or a greater specific heat, than lead has* If 
we immer^ a ■'pound of lead and a pound of iron in 
boiling water,^he quantity of heat taken in by the iron 
in order to bring it up to the temperature of the boil^ 
ing water will be greater than that taken in by the 
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leadi How can we prove this ? Simply by plunging 
our lead and iron into two separate vessels contain¬ 
ing the same amount of cold water. The water in 
contact with the iron will be much more heated than 
that in contact with the lead. Or if a ball of iron and 
a ball of lead, heated in the manner described, be 
placed upon a thin plate of stearine, th? iron will melt 
Its way through atid fall to the ground while the lead 
remains sticking in the masSi^ Such experiments as 
ilhese inform us in a general way that one substance 
has a higher specihc heat than another; but they do 
not fell us how much the spccihc heat of one body 
excels that of another. To ascertain this, more accu* 
rale experiments must be resorted to. Perhaps the 
^ most celebrated experiments on this subject are tha^eof 

Lavoisier and djaplace—the 
ibrmer a great chemist who 
suffered death by the guib 
lottne during the brat Fi^cli 
Revolution; Jhe second,a ce¬ 
lebrated mathematician. la 
their experiments they made 
use of an instrument called a 
calorimeter, of which the fob 
lowing is a description ;— 
16. A (tig. 5) is a vessel 
of sheet metal; B is second 
vessel of a similar shape^ 
placea within ihe first. A 
corei being placed upon each 
of the vessels, A and B, there 
is a space betwdn the two 
vessels all round. This space 
is filled with pounded ico^ 
which, when the vessel is 
placed in an atmosphere above 32^, gradually melts, and 
the melted water is carried off by the cock 0, Within 
B is a thi^ vessel, and the space between it and B is 
also tilled with pounded ice. £ach vessebia furnished 
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with a cover, ?o that the ice can bo placed all routiclj as 
shown in the figtire. Within this third vessel, the warm 
body, W, whose specific heat U to be determined, \b 
placed. Now let us understand the instniinent; the 
outer jacket of pounded ice eftectually protects the ice 
in the vessel B from the action of the atmosphere* 
The ice in B is thus preserved at 32^, kn5 cannot be 
melted by the external air* Hence, whatever ia melted 
in B must be wholly due to the heat yielded by the 
body, W* The liquid thus produced is carried off bjt , 
the cock dj and received into the vessel, V. 

17. The principle from w hi elf Lavoisier anil Laplace 
started was, that the quantity of heat which a*bofly 
contains will^be measured by the quantity of ice which 
it is able to liquefy* If wo place one* pound of iron^ 
heated up ib the temperatuHs of boilings watef, in the 
apparatus, and permit it tq cool dowh to 32^, and then 
subject our pound of lead to the same experiment, on 
weighing the amount of water produced by each, we 
should find thepi to be in the ratio of H to 3, that is to 
say, a pound of iron in falling through the same number 
of degrees yields nearly four times the quantity of lieat 
yielded by an equal weight of lead. 

IB/The specific heat of a body accurately defined is the 
quantity of heat which the fcody requires to raise the 
unit of weight, say a pound of water, jn temperature. 
But the quantity of heat required to raise the tempera¬ 
ture of a body 1“^ is ^e quantity which it lose* in falling 
through ; and this latter measured by thequan- 
tity of ice which it is feble io liquefy. * 

Supposing a body at 42"^ t* be placed in the calori¬ 
meter and permitted to sink to or through 3 CP; if tht 

quantity of ice melted by the body be 10 grains, this 
would be a grain for every degree; or, more generally, 
if we divide the weight of melted ice by the numben^of 
degrees tilrough which the boly melting it has fallen, 
we obtain thfe quantity which the body would melt by 
falling througii 1^. This quantity expresses^he specific 
heat of thetb^y. 
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19* III tablefj of specific beat tbe standard referred to ia 
that of distilled water; its specific beat is down as 1. 
The following table shows the specific lieats of a few 
other well-known substances:— 

Iron ^ ^ ^ 0-11379 

Zljic^-e - - - - - 009555 

Copper 0‘095i5 

Silver ------- 005701 

Lead 0 03U0 

^ Obmutli - - - ^ ^ 11-03084 

platinum ------ 0*03243 

GoM ------- 0*03244 

Mercury ------ 0'03 j22 

We here see how greatly tlie specific h*at of water 
predominates over those of all the other substances 
tnenlioned, The specific' neat of water is nearly 10 
times that of iron, 18 tiiiies-^hat of silverj and is more 
than 30 times that of mercury. This is the place to 
remark how suitable its low specific heat renders mer¬ 
cury for thermometric purposes: it is promptly aflTecttd 
by changes of temperature, which it would not be if its 
specific heat were high* 

Calling tlie specific heat of water 1^ that of atmo^ 
pheric air is 0*25, or just^one-fourth part that of water. 
Hence a pound of water in losing of heat would heat 
a^ pound of air 4^, or it would heat 4 pounds of air P. 

But a pound of air fills about 770 times the space of 
a pound Of water, and hence 4 pounds of air fill 3080 
times the apace of a pourd of water. Therefore a fwuud 
of water by parting with of "’temperature would be. 
^jble to raise 3080 times its own bulk of air 1°- 

20, The vast importance of this property ofVater as a 
regulator of climate at once suggests itself. No wonder 
that ^he climates of islands are so much milder and 
m^re equable than those of continents. The surround¬ 
ing sea, thirsty^ as it w^ere, for the tunbeams, drinks 
them in, but nevertheless preserves itseif comparatively 
cool, and thus tempers the island air. In winter the 
heat thus stored up is slowly given out; dvery gallon 
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of ^-ater oti giving up its degree of heat, wanning 3080 
gallons of ail by the fame amount^ and thus shielding 
the island from winter cold. We here see the explana¬ 
tion of the fact that the winter of Iceland is less severe 
* than that of Milan. We can also explain why it is that 
with us laurels and other plants thrive in the open air, 
which are killethby the winters of more sdliAern lands; 
while our summers refuse to ripett the grapes which 
those lands produce in abundance. Thus it U that the 
simplest facts which we learn in the laboratory consti-. 
tute the stepping-stones by wliich the human mind 
attains to the accurate compreh'^naion of the*grandest 
phenomena of Nature* 


4 

* LEBS9N XVII * 

EXPANSION DY HEAT, 

1. On the expansion *of solids by heat.— I have 
already stated that the expansion of mercury by heat is 
made use of as a measure of the heat which produces the 
expansion. All bodies, without exception, are afTcctcd 
in this way by heat, but all not aftccted^in the same 
degree. A rod of steel, for example, on being heated 
from 32° to 212°, expands of own length: 

whereas a rod of lead similarly heated expands ^^^tn 
of its length: the expansion of lead by heat is, there¬ 
fore, much greater than that of steeL Brass expands 
of its length on befng heated from 32° to 2f2°, 
whereas iron expands only Nbw suppose a bar 

of brass and a bar of iron to be closely riveted tog# 
ther, so as to form a single compound bar, as shown in 


%. 6. When such a bar is fieated, what must be the 
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consequence? The brass Bexpands more than the iron 
I, and in order to give this diifereiTce of expansion rooiUj 
the compound bar ia bent into a curve, as in fig, 7, the 
brass bar forming the outside of Uie curve. If instead 



Fig, 1. 

^ * * 

of berating the straiglit compound bar we cool it, the brass 
contracts most, and the bar is bent in the opposite 
direction, Fgr certain diemlcal experiments it is 
fiPiccessary to have a metallic wire fus^ into glass 
tubes; jbotfi glas^ and \Are must of course be red hot 
when this fusing takc^ p1ac$; and if, in cooling, one of 
them contracted more than the otlier, the rupture of the 
junction between them would be inevitable* Now 
barometer glass expands, on %eing h^^ted, from 32"^ 
to 212^, n’r^th of its own length* Were we to fuse 
a bit of gold wire into such glass, rupture would 
assiirediy take place in cooling, for gold expai^ds on 
being heated from the,v^eezing to the boiling point 
of water ’a-J^-yth of its length. Fortunate!y, however, 
there is a platinum, whose expansion U irlrth 

of its length, or almost exactly equal to that of glass. 
This metdi is therefore always used in the construction 
- of the insirumeuts to wWch I have referred. 

2, In the construction of bridges and buildings where 
metal tubes or Beams ai^ intr<^ucedf and also in tiie 
laying down of railroads, care must always be^taken to 
allow for the expansion due to variations of tempera¬ 
ture, 'for the force with which a body expands under 
the; iikBiieuce of heat is almost irresistijble, jmd might 
produce serious consequences if it were pot permitted 
fi'ce play. There is on the line of rails between Lbndon 
and Manchester a greater length of iron about 500 
feet in aummer than in winter; and to permit tlds ex- 



HIIAT. 


129 

pansion to take place, the rails, when they are laid, are 
not brought dose tip end to end. Iron cramps in 
masonry often work themselves loose on account of the 
inequality of the expansion between thena and the 
Atone, The tires of wheels are heated before they are 
^ put on j in cooling thejr contract, and draw ^he wood¬ 
work together wi#i great force. Hot rivAs act simi¬ 
larly, The force of contraction has also been made use 
of to set the walls of buildings erect. If I remember 
aright, the experiment was tried with the cathedral of 
Armagh^ The walls of the buildiiig gradual]}; leaned 
away from each other, and to draw them together l^rs 
of iron were placed across the cathedral, passed through 
the walls, and ^‘uTtiished with nuta at ihf ends which 
might be Bcrejred tight to the walls. The bara were 
heated and expwded. The nut?at the ^nds were made 
tight, and then the Jhetal wasauiferdH to cool; during its 
contraction it drew the walls together with an irresist¬ 
ible pull; and by repeat!^ the process the walls were 
finally set erect- * ^ 

3. In connexion with this subjecta very interesting 
fact has been recently observed. A sheet of lead wiiich 
lay on the south side of the choir of Bristol cat lied ral 
was observed to have slip pod ^dily down •the roof, 
through a space of 18 inches, in two years. You might 
imagine that this was simply due to the #lope of the , 
roof, but the slope was such that the lead would never 
have slid down it by its^wn weight. How th€n*did the 
lead get down ? The case is instructive, and I would 
therefore draw ytfur attention'to it. 

4. Imagine such a sheet of Had, lyiife upon an in¬ 
clined roof, exposed to the temperature of a sunny day. 
It expands* If it lay upon a horizontal surface it would 
be pushed out in all directions equally by the eipansibn, 
but as it lies upon a slope, it will elide with greater* 
facility downwajds than upwards. The upward move¬ 
ment is opposeaby gravity, while the movement down¬ 
ward is assisted by gravity- If the position of the 
upper and lofrer edges were marked cbalk before 
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the expansion took place, the lower edge, for the reason 
just given, will extend further over its chalk mark than 
the upper. Now suppose the chill of night to act upon 
the lee^ ; it will contract. But it is easier to pull the 
upper edge down than to pull the lower edge up. 
the position of the upper and kwer etlgea were marked 
with challc/ds in the former case, before the contrac¬ 
tion, it would be found that after the contraction the 
upper edge had moved further from its mark than the 
lower one* By expansion, therefore, the lower edge is 
pushed downwards, and by contraction the upper edge is 

pui[ed after it. Thus the mass of 
lead creeps like a worm, and although 
the space passed over jn a day would 
be nearly imperceptible, the progress 
is ms e, and in two y^ars amounted, 
as I haH3 said, to'18 inches. 

b. The time which a pendulum 
111111 requires to accomplish an oscillation 

depends ujft^n its length : a long pen¬ 
dulum oscillates more slowly than a 
short one. Hence a pendulum, acted 
upon by variable weather, vibrates 
sometimes quicker, sometimes slower, 
and consequently would give inac¬ 
curate results. Yarious means have 
been used to render the oscillation 


utuform. Yq.u will sometimes see a 
yefj^el of mercury suspended at the 
end of a pendulum.* When the tem- 
peratijre of the day increases, both 
the pendulum rod and the mercury 
expand, but the fomftr expands 
downwards, while the latter expands 
upwards, and by this opposition the 
centre of oscillation, as it is called, is preserved constant. 
The gridiron pendulum is also vei^ common ; its 
principle^ will bo understood from fig. 8. S is the knife 
edge on which the pendulum is suspended* A B C D 
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iei a rectangle composed of iron rods; tbmtigh a hole in 
the cross piece O D the rod p y passes* E (t iti a cross 
piece capable of moving up and down^ and attached 
to thift cross piece are the two brass rods E F and G H, 
i^hich also rest upon the cross piece C D* When the 
* warmth of the day increjscsj the rods A C and B D 
expand, and also tbo central rod pg^ Alii these tend 
to push the pendulum bob q farther from the point of 
suspension- But the brass rods E F and G H also 
expand^ and their action is to lift the pendulum bob and 
cause it to approach nearer the point of suspension- 
In the construction of the penduluTU it is so afraiiged 
that these opposing actions exactly balance each other, 
50 that the pendplum is maintained at a constant length* 
In fact we know from experiment that the^xpansion of 
brass is to that tf iron as Is tc*l; hence if the lejigth 
of iron to that of brass in the^enduium^be in the same 
ratio, the expansions neutralise each other, and a perfect 
compensating pendulum is obtained. 

6. It has already been sh*wn that different solid bodies 
expand differently when heated; but in some cases the 
same solid body expands differently in different direc¬ 
tions. It is easy to conceive that in crystalline boiiies 
the atoms may be packed more closely togelhe/ in some 
direefiona than in others, and If^ce we might expect 
that^ when such a body expands under the influence of 
heat, the atoms would be pushed asunder wath different ' 
forces in different directions. Experiment justifies this 
conjecture* When the crystal jjypsum is heated, it 
changes its shape, whicif would not be the case if it 
expanded equally in all directions. TUe crystal Ice¬ 
land spar, when heated, expands considerably in the 
direction of its axis, but, strange to say, in a direction 
at right angles to the axis it amtraets. This contract 
tion, however, is not sufficient to balance the expansion f ^ 
and the flnal 1'esuh is that the volume of the crystal is 
aiigmenfijd, Itls easy to conceive that when a crystal-p 
line body of which the component crystals are cotifusedly 
arranged is heated, the unequal expansion of its various 
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parts may produce rupture amon|^ them to a gpreater or 
le^s extent^ and this is doubtless the ca^ise of the snap¬ 
ping noise sometimes heard during the cooling of melted 
zinc or antimony^ and sometimes even in the case of 
the bars of a grate. 

7- On the EXPAH3ION Off LIQUIDfl BY HEAT*— 
Liquids Cxjtand more than solids under the influence of 
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heat. Let a retort be filled with water as in fig. 9, and 
let the vessel be chosen with a neck so narrow tliat 
when it is filled and inclined as ip the figure, the 
capillary attraction of the neck shall be sufficient to 
prevent the liquid from flowing nut. A lamp being 
placed underneath the retort^ the dropping of the water 
into the beaker, B, soon demonstrates the expansion of 
the liquid. ' - 

8- When a vessel containing water is placed upon afire, 
the lower pbrtion of the liquid expands, and becoming 
thereby lighter, it ascends, while the heavier liquid sinks 
to supply its place. This in its turn becomes heatedi 
and rises, being replaced by^cooler liquid as before; 
and thus the heat eoinmunicated to the bottom of the 
vessel is distributed through the liquid. By placing in 
the water cochineal, or some other opaque powder of 
nearly the same specific gravity as tlie water, the 
existence of these up-and-down currents may be demon* 
btrated. Similar currents exist in the tube of the Great 
Geyser already described. When scraps of p#per are 
cast infewthe centre of the hasin, they are driven from 
the centre towards the edge, and thence lacked down- 



MEAT. 133 

ward^p The tube hfus an ascending current along iu 
centre, and a de«cending current along Us aides. 

9, Let us now reverse our conceptions, and consider 
the case of a sheet of water exposed to the chilling in- 
fluenceofa freezing atmosphere. Theaurfaceofthe water 

»in contact with the air cooled ; it contracts, becom<^ 
heavier, and sinkeg while the lighter water/rOm below 
rises to supply its place. In this way the warmth is 
drawn from the depths and given to the atmosphere. 
This process continues till the superficial layer is cooltd 
down to 39° Fahr., and at this point the contraction of 
the water ceases. At 39^ Fahr. •nater possel^Gs the 
greatest density that it is capable of possessing, anc^ as 
it sinks below ^this temperature, and approaches the 
freezing^int, it ^ands. Hence the wHter which h 
at the surfac^when the temp^fature 39° is attained, 
remains there ; it cloes not sipk, bu^ ccmtinues to* float 
like a layer of oil upon the heavier water. When it 
reaches 32^ it freezes, and thus forms a solid lid of ice, 
which shuts down rfie warmer water. Beneath this lid tiie 
fish may dwell unliarmed | whereas if it were otherwise, 
if the abstraction of heat continued until the entire 
mass were frozen, the fish would be crushed to death by 
the act of cougelation. Does it not appear as ^f Kature, 
in arresting the contraction hf water at 39°, liad 
stepped aside from her wonted course in order to pre* 
serve her creatures! On this point I wif! not dweJ], 
as, with our limited knowledge of the purpoijp which 
runs through Kafure, we are very liable to make 
mistakes. The metal bifemuth, of cooling from a stabe 
of fusion, behaves exactly like* water, |Jthough in its 
case there are no fish to be protected. 

10. In cooling from 39° to 32° the expansion of water 
19 gradual; but in the act of congelation a sudden 
expansion takes place, and the ice which results is 
considerably* lighter than the water from which it is 
product. Thfe force of this expansion ia irresistible; 
it will burst the thickest bomb-bhelh It is aicommon 
experiment ta fill an iron bottle with water, screw U 
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close, and place it iu a free^ing^ mixture to congeaK 
The act of congelation fa accompanied* by the bursting 
of the bottle* Before filling a bottle for this experi^ 
nient, it U well to boil the water and expel the air* 
The same experiment may be made with fuised bismuth. 
I once filled an iron bottle with the melted metal, 
and closing it with a screw tap, permitted it to cool. 
The bottle was rent from neck to bottom by the 
expansion of the metal on solidifying. 

11. On the expansion or gases by heat. —Of all 
bodies, gases undergo the greatest chai»ge of dimensions 
oathe application o:!'beat. It resulted from Dalton's ex¬ 
periments that 1000 cubic inches of air, on being heated 
from 320 to 212*^, expanded 1392 cubic inches. It 
was found by Gay Lussac, iu 1804, that 1000 cubic 
inches of air, on beWg heated from 32^ to 212^, 
becaiiie 1375 cubfc inejies. The more recent re¬ 
searches of Uudberg, Magnus, and Ilegnault, show that 
these numbers are above the mark. Instead of 13?5 it 
ought to bo 1367 cubic inches. Hence, on being 
heated 180 degrees, the volume of a mass of air 
becomes augmented by /aVotbs of the volume it pos¬ 
sessed at 82^. 

12. Experiments prove that the expansion of air is 

uniform, that it is aug^n«inted by the same quantity for 
eifery degree of temperature imparted to it, so that the 
expansion dde to 180^ is 180 times the expansion due 
to 1^. Hence, to fijid the expansion due to 1^, we 
have to divide the fraction iV/f by 1®^* gives us 
ftut5a> or, reduced to it^ lowest terms, This 

result may be thus expressed in words;—When atmo- 
spheric air, at a temperature of 32P, is heated 1^, it 
expands of its volume. If rAsed 2^, the 

expansion would ,jths ; if 3^, ^ths of the volume 
which it possessed at 32°. What is true of atmospheric 
air U true of other gases. Tliey all ea^pand in the 
same proportion, except those which ^arc ne^ir their 
point of condensation. 

13. Supposing, thea^ that I asked at whattemperaMirc 
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a cubic foot of gas at 32° would enlarge its volume by 
oue-half, you would of course reply^ at a temperature 
of 245° above 32°, for here the expansion would 
be ItJths, or one-half If again 1 asked at what 
temperature a mass of gas which measures a cubic foot 
lat 32°, would double its volume, you ^^ould reply to 
me,at 490°above 33°, oif, in other words, at a tempera¬ 
ture of 490-^32— 522°, as shown by the tlJermometer. 

l4* It is easy to show the expansion of air by heat. 
Let the neck of a retort dip into a vessel of water as in 
fig. 10; on bringing a spirit-lamp underneath the retort, 
the air within it expands, and driven in •bubbles 
through the water. On allowing the retort to oool,ithe 
air will shrink to its former dimensions, and the conse¬ 
quence is, Iha^ the water, pressed upon ty the atmo¬ 
sphere, will fpllow it and partially till the vessel. In 
like mantjer, in the prm^ess of cftpping,#a glass, wKh the 
air within it rarified by hetfting, is inverted over the 
wound ; the air cools and contracts, and the blood, and 
even flesh, are forced by the pressure of the atma'^pliere 
into the glass, ju^t os the water U forced into the retort. 



15, On its expansion by lieat,lir becolnes lighter, and 
will, if it can, ascend into the atmosphere. While I 
write, the flame of a candle is before me ; the ejnect 
position of that flame is due to the ascent of the column 
of heated aif. J place my hand above the candle, and 
find it struck by this “ hot blast.*' I pluck a hair from 
my head, and make it act as a weather-co(^; when 
pla^d above die flame it is blown upwards, Take a 
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bent tube^ such as that shown iti fig. 11, and heat the 



comer at A by a af»irit-lamp ; the 
air will ascend the leg A B, and, 
to supply place, a descending 
current will establish itself in the 
other teg. If a smoking taper 
be held at C, the smoke will be 
carried down, and will make its 
appearance at B* 

16. The products of the combu&< 
tion of coaUgas are very injurious 
to iiealth, and it is therefore desir¬ 
able to have them carried away 
from the room in which the gas is 
burned. To accomplish thisj Mr. 


Faraday invented a lam|>, the principle ai^fd construction 

of which there will. I 



think, be now no difficulty 
in understanding. 

The gas enters the lamp 
from the pipe, G (fig. 12): 
immediately round the 
flame is a common glass 
chimney, and around this 
again a larger one, wliich 
has a plate of transparent 
mica placed upon the top 
of it. Bound both chim¬ 
neys is a spherical shade 
oJ dlaphafioua porcelain, 
not open at the top as or¬ 
dinary shades are. A B 
is a tube of b^nze, the end 
A of which communicates 
with the atmosphere; the 
other end of the tube 


Fig. 13. 


communic8:tes with the 
space between the two 


glasa chimneys. At b a small gas jet,c and the first 
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tiling' done la to ignite this. It licatg the corner, li, of 
the bronie tubrf, and tlnis produces an upward current 
through the latter. Let^he lamp be now liglited, and the 
cliimtiep and shade arranged aa in the figure- The 
ijurrent of heated gases from the lamp ascends through 
.the inner chimney, and to supply tiio place of the air 
displaced at li, tlws current turns downwaria^as shown 
by the arrow, reaches B, and is curried off tlirough 
A B into the atiiiO'*phere. Tlnis, you sue, not a single 
particle of the gases generated by combustion enters 
the mom* The noxious nature of these guses^may be 
demonstrated by placing a candl* at A* It will be 
immediately extinguished by the carbonic acid present 
there. After tjie lamp has been in action for a little 
time, the may be extingnishtsd j Tor the tube, 

A B, being once healed by 11 n§ gases proceedings from 
the lamp, will itself keep up the necessary current* 
17*’The following experiment is also instructive;—Let 
a candle, C, be placed upon a plate, P (%, 13), and let 
a glass jar with tts mouth open be 
placed over the candle, a little 
water being poured upon the plate 
to prevent the entrance of air at 
tlie bottbni of the jar. Let a g^ass 
chimney, A R, be placed upon-tiie 
jar. Although in this arrangement 
the lighted candle communicates 
with the atmosphere, will never¬ 
theless go out; for the products^of 
combustion, seeking to'ascetid, are 
opposed by the pressure of 
ternal air* Let a piece of cardboard, 

D E, be now introduced so as to di" 
vide the tube, A B, into two lialves* 

The products of combustion choose 
one-half of* the' tube and ascend, 
while tfie air descends througlt the 
other h$ilf to supply their place* In Fig^ia* 
this way frelh air is supplied. to the cajidle, and it 


A 
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burns as long os it lasts. Of course the principle of 
ventilation here described applies as mach to the shaft 
of a mine as to the tube us^ our experiment. 

18* It is the currents product by heated air that ven¬ 
tilate our rooms. The air about the fireplace carried 
up the cliuTiney, and the entrance of air through doors, 
and chinks'^makes good the loss* In this way draughts 
are produced, which, though they may afflict ua with 
Theumatism, at all events clear away the carbonic acid 
ajid supply us with fresh air. In a warni room the 
heated air will ascend towards the ceiling; if you open 
a door into sue!) a room and place a candle near the 
floor, the flame of the candle will lean inward, showing 
the direction of the air below. If you place the 
candle near the door-top, the flame will lean outwards, 
showing the escape of ^the warm air* In the centre of 
tiie doorway the flame stands upright. This simple 
experiment illustratea a great natural effect produced by 
the heat of the sun. The torrid regions of the earth 
are in the condition of our warm rcom. The heated - 
air of the tropics rises and flows towards the poles, while 
its loss is supplied by an under*current of heavy air 
from the poles. Were the earth without diurnal' 
rotation,^these two currents would flow directly north 
Htitl youth ; but, as is seen in the case of the Gulf 
Stream, the motion of the earth from the west to the 
ejxst combines with the motion of the air from north to 
south, and thus we have, in the northern hemisphere 
for example, a sou^^h-westerly current above and a 
north-easterly one in the lower legions of the atmo¬ 
sphere. The Slower current constitutes the trade-wind. 
But how do we know that the upper cigrent, exists ? 

man ever lifted a weathercock so high, yet still we 
mdy conclude with certainty that the under-current 
from the poles is balanced by an upper current towards 
them* But neither are we without experimental proof 
of the existence of the upper stream. I cannot, 1 
think, bhetier describe to you this experiment, made by 
Nature herself, t^an by trauslatiug the ^account if It 
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given by Professor Dove, while addressing a public 
audience in BetJiiij, 

19. “On the night of the 30th of April,” says M, 

Dove, ** esplosioiis like those of heavy artillery were 
heard aiBarbadoes, eo that the garrison of Fort Saiat 
Xtina remained all nigh^ under arms. On the 1st of 
May, at daybreak| the eastern portion of ihi horizon 
was clear, while the remainder of the hrmament was 
covered by a black cloud, which soon spread over the 
east, quenched the light there, and finally produced a 
darkness so dense that the windows in the rooms could 
not be distinguished. A shower of ta^hes now descended, 
under which the tree-branches bent, and were broken. 
Whence came these ashes? From the direction of the 
wind*we should'infer that they came froncTthe Azores; 
not soy however; they came froii^ the mountain l^orne 
Garou in St. YinceiU, which l^es about tt hundred miles 
westerly from Barhadoes, The ashes bad been cast into 
the upper current of the tzada-wind^ and thus borne 
forward in a direction opposed to the lower current. A 
second example of the same kind occurred on the 20th 
of January, 1833. On the 24th and 25th the sun was 
darkened in Jamaica by a shower of fine ashes, which had 
been discharged by the mountain Coseguina, people 
learned in this way that explcftlbna previously heaid 
were not those of artillery. These ashes could only have 
b^n carried by the upper current, as Jamaidk lies north¬ 
east from the mountain. The eruption ftiriiishef^ also a 
beautiful proof that ih^ ascending air*current divides 
itself above into two portiens, one pn>ceeding fowards thd 
North Pole, and the other towar<fc the Sqpm ; for ashes 
also fell upon the ship * Conway ’ while in the Pacific, 
at a distance of seven hundred miles simth-weBt of Cose^ 
guina,** • 

20, Though the remainder of M. Dove's description 

does not striutly apply to our subject, still it is so ijt- 
teresting^ that I^ink you will not be displeased if I 
trans^ate’it for you i— • 

‘^£ven on tiie highest of the Andc^^’* he proceeds, 
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“ no traveller haa as yet reachetl tias upper curreut, 
and from tliis fact some notion may be. formed of tbe 
force of tiie explosions; thny were indeed tremendous 
on both the instancea referred to. The roaring^ of 
Coseguina was heard at San Salvador, a dlstauce of a 
thousand miles. Union, a soc^iort on the west coast of 
Conchagua^ was in absolute darknpss for forty-rhree 
hours ; and as light began to dawn^ it was observed that 
the sea-shore had advanced eight iiundred feet upon the 
oceanj owitig to the quantity of ashes which had fallem 
The eruption of Horne Garou seemed to form the last 
link in a cliain of \ast volcanic actions. In the moiilh 
of July, 1811, near St. Michael, one of the Azores, tlje 
Island Sabrina rose with smoke and fiame from the 
bottom of frie sea. The depth of water was a hundred 
and^ftftyfeet, the height attained by tne island three 
hundred feet, and ht was^ mile in circumference. The 
small Antilles were shaken afterwards, and subsequently 
the valleys of the Misaiseippi, Arkaiisas, and Oldo. 
But the elastic forces found no and they next 

sought one on the north coast of Columbia, The 26th 
of March txsgan as a day of extraordinary heat at 
Caraccas: the air was calm and the sky cloudless. 
It was aJioUday, and a regiment of troops of the line 
stood under arms in* Jie barracks of the quarter San 
Carlos, ready to join in a proci'ssion. The people 
streamed lo the churches. A loud subterranean 
thiindi^r was heard, and was injniediately followed by a 
shock so ^violent that the Church of Alta Gracia, a 
hundred and fifty feet high; and supported by pillars 
fifteen feet thick, was^reduced to a heap of rubbish not 
more than six feet in elevation* In the evening the 
nearly full moon looked down with mild* lustre on the 
runs of the town, under which lay the crushed bodies of 
upwards of ten thousiind of its. inhabitants. But even 
here the clastic forces found no ojitlet. Finally, on 
the 27th of April, they succeeded' in opening the 
crater of Morne Garou, w'hich had been closed for a 
century ^ and the earth, for a distance equal to that 
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from Vesuvius to Paris, raug with the shout of tlie 
liberated prisoner.” 


LBSBOIT XVIII. 

■ 

CONDUtTJOJ^ AND RADIATIO^T. 

L On the conduction of heat, —If you thnist one 
erifl of a poker iuto a fire, the heat will propagate iJself 
through the mt^tal and finally make itself fell at the 
other end* This travellings of th^T heat from ^karrieie 
to particle of the iron is called the conduction of hfiat, 
and the metal itself the conductor* You will ob.serve 
hercj at the oufeet, that tliis is a very different process 
from that by *which heat, already described^ dis¬ 
tributes itself through a liquid- Tiiia {jrocess is wme* 
limea called comectiun ; the heated particles, it will be 
remembered, rise and diffuse their heat through the 
cooler ones; but; there is no such wandering of the 
particles in the case of the poker* When a column of 
liquid is heated at the top, the pnipagatiori of heat 
through it is immeasurably slower than when it is 
heated at the bottom, for the warm iayer^of liquid 
remains at the top, and inusl •thus communicate its 
heat to the lower ones by the process of eonduction, 
and not by that of convection* With thS poker it is ' 
immaterial whether yoij thrust it upwards, thrqjigh the 
bars, or dowuwanJs ; the heat will propagate itself alike 
from ihe hot end to the iJold one* * 

2* Sletals are tfie best eonductors ot heat, but they 
differ wideljlfc-oin each other in this respect. The first 
experiments maide to determine this conductibilily were 
very defective, nevertheless a certain celebrity still 
attaches itself to those of Ingenhousz. He coated a 
number of differtfit bars with wax, and dipping one end 
of the inWt a bath of hot oil, he was able to trace 
the progress of the heat by the melting of the wax upon 
the flurfacep • Despretz, however, was the first to 
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confer experimental accuracy upon this branch of 
ecience- He took bars of various luetalc^ and arraiigeil 


at c i e 
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each of them as^A E in fig, 14. At- one end is a lamp 
L» the flame of which is preserved constant \ this com* 
municates heat to the end of the bars; at equal distances 
asunder, and fitting into cavities mad^ in the bar, are 
the thermometers a, d, cf. The heat imparted by 
the lamp travels through the bar, and the mercury in 
the thermometer a is soon observed to rise; b is next 
affected ; *he heat reaches the others in succession, and 
causes them to rise. your attention upon any slice 
taken across the bar, say at s. This slice receives heat 
^ from the end A of the bar, and sends it on to the end 
B. As, long os the quantity received from A exceeds 
that given up to B, the temperature of the slice will 
increase; but after & sufiicieht time these quantities 
will become exactly equal to each otlier, and thus, 
though there is a flow of heat through the slice, its 
temperature remains constant, Despretf waited until 
this^ condition had established itself throughout the 
whole bar: hU thermometers then ceased to rise; the 
mercury then stood highest in a, and Jowest in c, 
gradually dimimsbing from one to other. From 
this be wi,s enabled to calculate, and express in numbers, 
the ooiiductibility of each bar for heat* 
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3« The following are the results of the most recent 
experiments made upon this subject 


Substancca. 

CwH^TicKhiltty 
fur lltaL 

Ooijdjcnbmty 

fUT 

Klertrlcity* 

Silver 

100 

100* 

Copper - * - 
Gold - - 

73’6 

S5*2 

53-5 


23-6 

aL*5 

Tin - - - 

14^5 

14-0 

Iron - - 

119 

12*0 

Steel 

lf^6 


Lead 

a-5 

8-27 

PJatinum - 

8^4 

7 93 

German Silver 


a*9 

Bismuth *- 

j 

1-8 

-^1'9 

1 


Thus silver stands at the head of list of metiiUic 
conductors and bismuth at the foot. The numbers in 
the second column express the relative conductive 
powers of the metala used. I have also added a third 
column, which shows the conductive powers of the same 
substances for electricity; and here the suggestive fact 
will be observed, tliat the best conductors of the one 
agent ate alstj the best conductors of the oth^. 

4. Next to the metals, crfa\als, stones, ^lasa, and 
similar bodies are the best conductors of heat, but they^ 
differ as much among themselves as the metals do. A* 
crystal of quartz, for qjcample, has a conductiife power 
greatly superior to that of a cryst^ of gypsujn: rock salt 
conducts heat much betfer than sugar, Flint condu^ta 
better than marble. It is perfiaps worthy of remark 
that substances which belong to tiie animal and vege-* 
table kingdoms are extremely imperfect conductors; 
and both animals and vegetables are in some me^isure 
protected by this property from the injurious effects of 
sudden cbadges of temperature. 

5. I Jiave alteady rrferred to the fact that in a cold 
room, metals, wiien touched by the hand, seeth coideat* 
and the wooHen fabrics least cold. We are now in ft 
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condition to understand this. The metal la a good con- 
duetor, and diduses the heat communicated to it by the 
hand quickly through its mass, it thus abstracts the 
heat speedily from the hatid and produces the sensation 
of cold, Woolj on the contrary, cannot thus dispose of 
the heat; the superficial layer in contact witii the hand 
19 all that th3 band lias to warm, and the quantity of 
[ heat necessary for this is almost inappreciable^ 

6. You will sometimes see metallic pipes used fur the 
.conveyance of steam, and which it is desirable to keep 
warm, wrapt round with straw bands, coarse flannel, or 
some other similar nihterial. Were the pipe in contact 
with the atmosphere it would yield up its heat quickfy, 
but the mterpo&itioii of the non-conducting-material 
^ prevents thiS^ Precisely in the same manner the in¬ 
ter posi tint i of non^ondreting woollen cloth saves our 
bodies from the ibstraction of heat by the chill (if Ujc 
fttmoephere. The philosophy of wooden handles to 
coffee-pots and kettley, the reason why a piece of ivory 
is interposed, where it is deemed desirable to have a 
metallic handle to a teapot, and other things of the 
same kind, will be so evident to you as not to need a 
word of explanation. 

7* Not only do different bodies possess different con¬ 
ductive powers for hed\; but in some cases the same 
body possesses different powers in different directions. 
"Many crystals exhibit this peculiarity. Wood also 
exhibits At^ If the surface of a plate of wood be thinly 
coated with wax, or with stearine, and a wire be intro¬ 
duced^ through a small hole 
in the plate, and heated while 
in this position, the heat 
ing from the wii% into (be 
wood will melt the wax; hut 
it will not melt it equally 
well in all niireetions. Let 
a, c, (fig. Jo), be such a 
tpFi*. ifi. plate of wood, and h the aper¬ 

ture in which the wire is inserted i the hea* passes moat 
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freely in the direction of the fibre of the wood^ wliich 
• in the figure la parallel to the sides u 4j and c d; the 
consequence is that the melted wax forms an oval, with 
Us length along the fibre. If the wood conducted 
k equally well in all directions, the figure melted away 
would form a circlCp • 

8, I cannot quit this subject without pointing out a 
very common mistake made in treatises on Natural 
Philosophy, and repeated by lecturers upon heat. To 
illustrate the different conductive powers of different, 
bodies, short cylinders of these bodies are taken and 
placed upright upon a heated surface—for example, 
upon the flat lid of a metallic vessel containing boding* 
water. A bit^of wax or of phosphorus ispUced upon 
the upper en^ of each cylinder, and it is stated thut the 
cylinder on which the wax ia irst melted, or thp phos* 
phorus first ignited, is the biist conductor. 

Now, if two cylinders an inch in length, one of iron 
and the other of bismuth, be each furnislied with its bit 
of phosphorus, and placed at the same instant upon the 
heated surface, it will be found that the phosphorus 
tit>on the bismuth ignites sooner than that upon the iron. 
Hence, according to the lecturers and books referred to, 
bismuih ought to be a better conductor thag iron. By 
reference to oiir table at page?f43, it will, however, be 
seen that bismuth is greatly inferior to iron as a con¬ 
ductor of heat; it stands lowest among tlie metals, and 
•is actually less endowed in this way than s»me non- 
metalllc bodies. How then are we to Reconcile this 
apparent contradiction t ■ 

9. In fact, when such a mode of* experiment W'Ah 
adopted, it was wholly forgotten tiiat something else thax? 
mere •conduction came into play and modified tlie result. 
It U undoubtedly true that the greater the conductive 
power of our cylinder, the greater will be the quantity 
of heat taken up by it in a givetj time from the hot 
surface upfm'^hkh it rests, and thus iron will take up 
more heat than bismuth. But if you look M the table 
at page 129, you will see that while iron possesses a 



146 NATURAL PHILOaOPHY, 

specific heat of 0^11379, the specific heat of bismuth 
is only 0'03064. What is the cotiflequunee ? Why, 
that though bismuth takes in far less heat than iron, yet 
on account of the low specific heat of tlie former metal, 
the small quantity which it takes in heats it' con* 
siderably, sjid thus produces a 'Speedy effect upon the 
phosphorus, < I am the more induced to-call your atteii'- 
tion to this, fW>m the fact tiiat during a recent public 
examination nineteen out of twenty-two candidates, mis* 
ied by what they had heard in leeturea atid read iu books, 
fell into the error of supposing that the experiment to 
which I have referred was a true test of conduction, 

_ 4 

The proper way would be to wait until the body lias 
taken in much heat as it can; that body then which 
fis heated to the greatest distance is the best conductor, 

10. On the ^DiAT^.ON OF HEAT.—ff you Stand 
before a fire without touching it, you/feel heat, and if a 
gooBe be suspended before it, you may, without at all 
bringing it into contact with the fire, roast tlie goose. 
Here there is no conductor between the goose and tfie 
fire, yet the heat reaches it and cooks it You may reply 
that there is air between both, and that may be the 
carrier of the heat. But you may allow a current of air 
to pass acTws between both ; you may blow with a pair of 
bellows between them; ydu blow away the air, but you 
^annot blow away the heat; it will cross the current of 
air and reach the goose as before. Nay, you might by 
suitable means take away the air altogether, and still« 
find that the heat would cross the vacuum. Heat which 
thus travels without the interposition of a conductor is 
^called radiant heat ; ;t passes from a warm body 
exactly as light is radiated from a luminous one. 

1 1. There is a striking analogy between Zhe action of 
radiant heat and of light. Heat can be reflected like 
light; it can be refracted, it can be polarized. You can 
cause two rays of light so to act upon each’ other that 
they shall mutually destroy each otheris lActions,, or, in 
otber worfis, by adding light to light ypu can produce 
derkoesa ; ojkI bo in like manner by adding^ieat to heat 
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you can produce cold. For the meaning^ of the terma 
which I hat^e*here used^ I must refer you to the article 
upon Light. We soon notice striking difTerences in the 
manner in which thU radiant heat is received by dif- 
ferenf bodies, some bodies absorb it greedily, others 
reject it, those bodlefi which absorb it greedily also 
radiate it plentisfully, while those which io not absorb 
it readily are feeble radiators. The metals, though th» 
best conductors, are the worst radiators, and instead of 
absorbing radiant heat, they reflect it* If you place 
bright silver teapot containing cold water, before a fire, 
the water will warm witii extreme slowness, for nearly 
all the heat that falls upon tlie teapot is redectecf If 
the f^me tea|j>tbe eoaU^ with lamo-btac k. on even with 
u thin sheet of varnish, the warming of'tnewater wil^ 
be immensely accelerated, for it ho coating absc^bs the 
heat and commutficates it to the m^al. Liet us now 
reverse the experiment. Let two teapots, one polished 
and the other coated with lamp-black, be filled with hot 
water, and let •a thermometer he immersed in each, 
It will be found that the water in the blackened vessel 
cools more quickly than that in the polished one. 
This effect is not due to the abstraction of heat from 
the teapot by the cold air; were this the caic the bright 
teapot would be chilled quickest, for the lamp-black ia 
a bad conductor, and thus tends to check the flow of heat 
to the air. The quicker cooling of the blackened 
vessel is due solely ^ the fact that the laaip-black, 
though it conducts much wors|, radiates^much better 
than the metal. * * 

12. A very thin film on the surface of a body is suffi¬ 
cient to alter its power of absorption and radiation** 
Let the quantity of heat radiated by clean lead bo 19 ; 
the same Uad, when tarnished by contact with the 
atmosphere, will radiate a quantity expressed by the 
number 43; or nearly 2i times as much as before, 
Experimeiits on this subject may be satisfactorily 
performed with the air thermometer of Leslie. A de¬ 
scription o9 the best instrument would necessitate^ a 
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fcnowledg't? of certiiiii electrical actions, and therefore 
such tt (iesoripiion cannot be introduced hcVe* The air 

thermometer is represented in fig. 16, It 
oonatiitgof two thin glass bulbs, united by 
a tube bent as in the figure. The tent 
tube contains a celouT^ liquid, which 
^nands, let us suppose, one leg at a, 
and in the Other at &, If heat be com* 
municated to the bulb above a, the air 
within it will expand, press down tlie sur* 
face tr, and lift the surface b j the descent 
of the liquid is measured by a scale which 
is attached to the instrument* Air, as 
we know, is nmch more exmnsible than 
mercury, and the thermometer here do- 
scribed is ^proportionally more sensitive 
than the mercurial therniomtter. 

13. Eatiiant heat is subjected to the same laws of 
reflection as light and sound, I have in a former article 
described the parabolic mirror, and wocld now recom¬ 
mend you lo turn to the place and refresh your memory 
upon the subject. Let A B (fig* 17be such a mirror, 




^ Fig. IT, 

and let W be a cubical vessel filled wdth hot water# 
The parallel rays offbeat which proceed*>from W are 
all collected to a point by the mirror A B, and if ih© 
bulb of the air-theimometer be placed In tl^ focus, the 
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liquid in the stem underueath it will immediately sink, 
11' one side ©f the cubical vessel be kept bright, and 
another be coated with lamp-black or whiteJead, it will 
be seen, on turning the coated surface towards the 
mirror, that the depression of the liquid is greater than 
where rhe heat radiattj directly from the metal* 

14* In lecture experiments, two such nqnft^rsare com¬ 
monly used. Let a hot sphere of metal be placed upog 
the stand in the foous of the mirror A' B' (tig* 18), the 
heat will be reflected from A' B' in parallel Hnesj and will 
be collected the mirror A B into its focus* If the 
bulb of the air-thermo meter be j/laced in thisT focus, the 
liquid column underneath will be forcibly depfessed* 
That this is due to the reflected heat, and not to the 
heat falling directly from the ball the ther- 

niotiieter, luay be proved by ^causing the therniometd!* 
to approach the* ball; if^tije actimt were due to the 
direct beat, the depression of the liquid would be 
aui^mented, but the contrary la observed; when the bulb 
quits the locu;^ the liquid rises* 



The mir^rs, when lai*ge, are sometimes placed one 
above the other; one, for example, is placed on a table, 
and the oftier drawn up to the Ceiling by means of a rope 
and pulley. * Placing a red-hot ball in the focus of the 
upper mirror, a lucifer-match may be ignited, and 
some othef inflammable substances caused to exp^de ^ 
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or even a fowl mi^ht be roastedj by placing it in the 
fociirt of the lovrer mirror, 

15. Let me now endeavour to apply the knowledge 
which we have gained to the explanation of a beautiful 
natural phenomenon—the formation of Dew. On fine 
autumn morning you may see the grass-blades loaded 
with Uquitj ipearlsi, while metals other bodies 
exposed to the uight-air remain quite dry. Let us pre^ 
pare the way for the explanation by calling to mind one 
pT two facts* Tlie pure vapour of water is as trans* 
patent as the air ■ and when I stated, in describing the 
Geyser eruption, that the water was wrapped in clouds 
of steam, I expressed myself popularly, but not with 
scientific ^jecuracy. I’his visible cloud is not steam, but 
water in anne state of division : fog, in lii.e manner, is 
not vapour, but a colleqJlion of water paiticles: pure 
Bteara or vapour, It must be ^memler^, is transparent, 
and invbible in the air. 

The warmer the air is the greater is the quantity of 
vapour which it can preserve in this transparent state, 
Duri[ig some days of great serenity, especially in au^ 
tuiiin, tlie air contains a large quantity of transparent 
vapour, and it is in the nights of such days that dew is 
departed most copiouply i you will find no dew de¬ 
posited on a cloudy or a'rtlndy night, 

16. Imagine, tliCn, a meadow lying at night under a 
serene sky. The heat imparted to the grass^blades 
during day is now sent off from them by radiation j 
they are excellent radiators, and send out the heat 
they possess lavishly iiiio space: Were clouds in the 
heavens, they would intercept and return a portion of the 
neat sent out, and thus protect the grass from being 
chilled; but when no clouds exist, it isa^^eof pure 
loss, li^ far as the grass is concerned; the heat once 
radiated returns to it no more. 

Grass is also a very bad conductor, and it is there¬ 
fore unable to draw from the earth on which it grows a 
supply to make good its loss by radiation. The conse¬ 
quence is> it becomes more and miH'G chilled^ and if you 
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place a thermometer among such grass, you wlH always 
find its terajMiratuTe lower tfiau that of the air a few ieet 
aboye the meadow* 

The little grass-^blades thus chilled condense the 
atmo^herio vapour upon their surfaces. I'he warmth 
gained by the precipUation of the mobti^e is again 
radiated, and tEius throughout the night the grass is kept 
cold* The process of condensation continues, and thcf 
quantity of moisture deposited is at length so great 
that we see it in the morning as shining pearU weighing 
down the blades of gross. What^has been sajd regard 
ing grass applies especially to those fine cobwebs x^hich 
we see in the country hedges; they also become chiliedf 
and liquid g£^ierules are ranged like bea^[^«elorjg the 
tiny tlireads*^ ^ 

17. Note on the nature »f hea-j. —lu the Jbrego- 
ing article I hav€?*aUuded i% what is called the material 
tl>eory of heat. Within iho last few years scientific 
men have more and more seceded from this theory, and 
the belief is now gaining ground that heat is not a kind 
of matter as once supposed, but that it is a motion of the 
particles of matter. A vibrating string or bell commn-* 
nicates its motion to the atmosphere ; the motion reaches 
our ears and produces the sensation of sound* •A luminous 
body is supposed tp be also in^ el state of vibration, and 
its motion is transmitted, not by air, hut by a iine^ 
medium, called ether, to the nerve of the eye, thus 
producing the sensat^n of light So, al^o,*B warm 
body is one whose particles are |p a state ^f vibration, 
communicating this motion also to the etiier, and pVo^ 
ducing, when they strike the pfOper nerve, the sensatioi^ 
of heat. The waves or undulations excited in the ether 
by a warm body differ from those produced by a 
luminous body, by being of greater length and oflflnger 
duration* The same ray may, by falling upon one 
nerve, prodHice the sense of light, and by falling upon 
another, produce the sense of heat* The sunbeams 
probably act in this way. The molecul&r motion 
which we €eil heat may be produced by mechanit^l 
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Kvei'y time that ordinary meclianieal motion \s 
destroyed or retarded, heal is developed, 'When a stone 
falls to the gromid, or a cataract casts its waters over a 
ledge of rockst the checking of its motion upon striking 
the earth U'accompanied by the development‘‘of an 
amount heat exactly equivalent to the quantity of 
motion destroyed. By the eorapressior, of air you can 
'produce heat sufficient to ignite tinder. In some books 
the air is described as a sponge holding the heat within 
*^il j and it ia said that tlie heat is squeezed out by the 
act of Cfimpre^sion. The new view says, No ! it is 
the .mechanical force exerted in compressing the air 
that has thrown the particles into the motion that we 
call We know exactly how much lieat is 

1 developed by" the expenditure of a giv^n amount of 
force. . We can calculate the quantity of heat generated 
by a cannon-ball on striking a fortress, if we know the 
Velocity of the ball. We know that if our earth were 
brought by a shock to a state of rest in her orbit, the 
amount of heat generated would be eijual to that pro¬ 
duced by the combustion of fourteen earths of solid 
coal; and if afterwards titf earth fell into the sun, 
which she would do if her orbital motion were destroyed, 
the amouirt of heat gfnemted by the shock would be 
four hundred times greater, I cannot enter fully into 
.this subject fiere : it is new, and not quite suited for 
boys. Never! heiess, I was-unwiliing to leave you in 
ignorance of the notions now entertained regarding the 
nature of h^at The piaterial theory is, as 1 have said, 
losing ground more and niftre;’and it improbable that 
in a few years it will nSt number among its adherents a 
single individual whose opinion is of any authority in 
ficience. ^ 
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EADIATIOK, 


L Light* —The alternations^ of day ahd nig^lit^ regu¬ 
lated by the appearance and disappearance of the sun^ 
mu^t prove to every one that & most intimate connection 
exists between the^phenomenon of light anti that enor¬ 
mous orb around which the earth revolves* Our world 
is a spheroid^ which^ having a motion around its axis, is 
regularly aiivancing one section of its surface rowarda 
the sun, while ^ corresponding portion is as pnifornily 
receding from it To the inhabitants of tliat division 
which is advancingj the sun is said to be rising; it is 
morning, and the industrious begin the lafiours of tiie 
^ day* To the menwho^well upon those lands^ which 
are receding, the son is regarded as setting—the quiet 
of evening invites them tO repose-*-6lcep nafurally fol- 
lowing the loast of light. If ixe supppse tlie larger 
circle in the accompanying 
figure (1) to represent the 
fiunand the smaller one the 
earth, then admitting the 
former to be‘the source 
of illumination,'^nd the 
latter the recipient of the Fig* i, * 

light, a very bclef consideration of motion around an« 
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axis in the smaller body will render the fact evident, 
that the side of the earth facijig the c;un will be in 
dav light, while the other hemisphere will be under 
the cloud of night. AViih those variations in the length 
of the day and night—in the duration of light and 
darkness-^which are dependent upon the annual motion 
of the eaith around the suO’—the —it is not 

proposed to deal in this section, 

2* 'J'he sun is the great original source of light to 
the earth ; our satellite, the moon, is but as a mirror, 
reflectii^g some of the solar rays back to us, and all the 
plspiets, of our sysfem, shine in the blue vault above, 
but by reflected beams. Many of the fixed stars, how¬ 
ever, shining with their own li^ht, and illumi¬ 

nating other spheres with their rays, as'sour sun pours 
all the bjmings of light upon our earth. We say the 
flun is the source of lig^bt, yet w^ *’have to confess our 
ignorance of what this principle or agent U by which 
we see. We know it by its effects—the cause which 
produces these effects is, apparently,,beyond the reach 
of human intellect. An important problem, connected 
with the source of this illuminating power, has re¬ 
ceived a satisfactory solution* It was desirable to 
determine if the hglij of the snn came from a mass of 
solid matter intensely heated, or from a gas in some 
condition of combustion. By having previously ex¬ 
amined into the nature of the light proceeding from a 
sphere*of white hot iron, and t^iat which is propagated 
from a ga^flamo, certain facts connected with the phe¬ 
nomena, known as the polarization of light—to be here¬ 
after explained—weri* determined ; and these have 
enabled the astronomer to prove that the light of the 
sun is derived from a gaseous envelope,'to which has 
befcn given the name of the pfiotosphere or light sphere. 

3. Artificial light can be produced in various ways, 
which it is important lo remember. By hammering a 
piece of iron briskly it soon become^ hot, and even¬ 
tually ft grows red Aoi, or gives out red light. By 
t rubbing pieces of dry wood together we» may set them 
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on fire; that iSj we develop hectt and light All 
bodies, whatev'er may be their eharactor, begin to emit 
light at the same temperature; and whether the expe^ 
riment is tried with a piece of irifiaintiiaide paper^ a 
bar ofiiiron, or a block of stone, they equally begin to 
shine with light w'hen they acquire a temperature, ii5di- 
cated by about^ 1000* on the scale of ^l^^hrenheit’s 
thermometer—and not before. , 

4* Violent mechanical disturbance occasiojjs then the 
development of this principle, whenever powerful^ 
chemical changes occur, we have luminoiTs phenomena, 
and the excitement of electricity ^ives rise to* extraor¬ 
dinary manifestations of light. Phosphorescence, ha it 
13 called, or the shining of phosphorus in the daik, aiid 
the evolutioiyof light from decaying and 

ttnirnal matter, is duo to chemical changes; and the* 
phosphorescence oS living aijimals is prbbably due to the 
same cause, the infiaerioe of nervous excite- 

meat. 

5. Such being; the conditions under which we know 
light to be produced upon this earth, it liecoines pro- 
bahle that one or more of these cau*ies may be active 
in maintaining the disturbance, which appears neces'^ary, 
to secuie the continuance of that unceasing flood of 
light which the earth and the either planets receive from 
their solar centre* 

6* Supp(^ing we are in a dark room, Ind a point of 
light, such as a small tjiper, is ijitroducedj all t{^e bodies 
in that apartment are more or less illumiuatiHh The 
rays from the taper spread in evefy direction, and enable 
the eye to distinguish objects, by the Flection of these 
rays from the surfaces upon whicli they fall back to that^ 
organ of vision. Here we have two striding facts—the 
passage {iransMtssiQn) of light in radiant lines, or 
in every direction from flie source of illumination, and 
the turning back of these rays, or their t^fleciion^ from 
the bodies iliftminated. This we must endeavour to 
comprehend* Instead of employing a enudie as our 
source of ligiit, let us admit a fine tjunbeam throng 
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a small hole into ftie dark room^ a white spot of light 
will appear upon the floor, and the apartment is partidly 
illuminated thereby, because the surface of the floor 
reflects ,the rays to the ceiliug^ and walls* But if we 
place, to receive the ray, some body which hns but 
very slight powers of reflexion, fuch as a piece of black 
velvet, aud*adopt the precaution of preventing any radia-* 
<lions, except the direct sun'^rays, from entering the holer 
the result is that the room remains dark, except the small 
.rourid spot of light formed upon the velvet. If we place 
a sheet of white paper to receive the ray, it will be dis~ 
persed and reflected from ttiat surface; and if we use a 
polished piece of steel oi' a looking-glass, we shall throw, 
an imag^of the spot of light, upon the W'all, exactly 
^correspoiioing to the image formed on the^floor. In the 
^first ei^mple nearly all the light i^absorheh by the black 
velvet; in the second it suflijirs disper^ioft^ is reflected in 
all directions; and In the third is r^ected^ with but 
little dispersion, along a weli-defined line, 

7, Light, therefore, is liable (1.) to,.be uhsorhed by 

some substances, (2,) it undergoes dhpersum in different 
degrees from others, and (3,) it is reflected^ either en¬ 
tirely or partially, from such as are capable of re¬ 
ceiving a h/gh polish, f 

8, The round spot fof&led upon the floor is an image 
of the disc of the sun. If the eye, protected fitnn in¬ 
jury by a piece of dark glass, is placed in the patli of 
the ray, the whole image of the will be seen \ or if 
the experiment is made during an eclipse of the sun, the 
iniage formed will exa*^ctly corrispond with that of the 
bright portion of the sum, the other parts being cut off, 

^ This may be simply illustrated. Take a lights candle, 
fig. 2, and having made a fine pin-hole in a piete of card¬ 
board, place it in such a manner that the rays from the 
candle passthrough the hole and fall upon a screen—an 
inverted image of the candle will thus be formed upon it. 
From every point of the flame, light has passed through 
the piu-hble in straight lines, so that the hole is the 
vprtex of a cone prolonged in both dire;;tions. The 
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of the gun is produced in the same manner j and 



Fig* 2, 

the beautiful pictures formed m t^e camcra-obscura^ or 
dark ctiamber, are dependent upon these condition.^ 

9* Light, therefore, progresses in straight lines from 
every part oj any luminous body. For progress 
(ime is neccfl^ry.^ If a point of light is suddenly ex*« 
tinguished} and two observers *are at different distances 
from it, it will not disappdhr fo each at precisely the 
same time. The velocity is too great to render this 
appreciable ia any experiment of an ordinary kind on 
this earth, but iome astrononijcal phenomena render it 
quite evident. The planet Jupiter has several moons, 
which are often eclipsed by, or eclipse portions of the 
plane^ accordingly as they pass behind it or over its disc. 
Now Jupiter varies greatly in i|f^istance froifi the earth ; 
the periods when these eclipses and emersions take place 
are exactly known, and it is found tha| they becoine 
visible nearly fifteen minutes sooner when the planet is 
at its least, than when^t is at its greatest, disuthce from 
us* While a ray of light is ppsaing fron any of the , 
stars to the earth, the earfh is moving onward in its 
orbit round the sun, consequently between the tiinef 
when the ray leaves a star, and when it reaches the 
eye of an observer on the earth, the latter will have^ 
shifted his place, and the star will consequently appear 
removed fr^m its true place In the direction in which 
the earth ia mpving* This astronomical phenomenon is 
called the aberration of light, and observations founded 
on it confirm the results obtained by tliose of the 
eclipises an<f emersions of Jupiter^s fiatcllites, viz*, that 
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ligfht travels at the enormaas velocity of 191,515 miles 
in a second of time. To form some idea of this velocity 
It will be sufliment to conceive a cannon ball fiml with 
the greatest force from the sun, and continuiiig velo¬ 
city unabated till it reaches the earth, it would require ' 
more than* seventeen years to traverse the ;ipace over 
which a ray Sf light ptjsscs in seven minutes and a-half. 

* Notwithstanding this high velocity, it has been demons 
fltrated, that, if the nearest of the fised stars were sud- 
'denly extinguisljed, we should not notice its disappear^ 

ance for* five years^ the Ia*st ray of ^ight leaving it 
requiring that time to pass througti the intermediate 
space. 

10. Ll jifl i t / adiating from any luminouf^jbody, diffuses 

* itself as the distance from its source increkises. This is 
capabte of easy Klustradon^in this w^y* Let a candle, 
fig, 3| be placed befiind an opaque screen in which are 



pierced U number of holes over ^one square inch of its 
surface. M jw, upon c sheet of wldte paper placed im¬ 
mediately behind the screen we shall see specks of light 
, marking out a ^square inch. As the sheet of paper is 
removed further from the screen, the space^Iluminated 
increases, and at the same time the intensity of illumina¬ 
tion* diminishes. And if we remove the paper to regular 
distances we shall discover that this increase being, in¬ 
deed, as the squares of the distances frorq^ the vertex, in¬ 
dicates a diverging pyramid of ray^,. 

The shadow of any body, larger than ^he source of 
Kght by which the shadow is pranced, in like manner 




LIGHT. 


159 

enlarges uniformly with the increase of distance. But 
if the bodyisemaller than the illanimating source, the 
shadow as regularly diminishes. 

IL Bhotunieters—as instruments employed for mea¬ 
surings the relative illuiumating powers of lights are 
named—are usually ctwistructed upon the principle of 
measuring the distances necessary to produce equally 
bright spots of light upon a screen, or equal intensities 
of shadow. For example, it is desired to know the* 
illuminaung power of a gas-flame as compared with 
that of the flame of a wax candle. If they are placed^' 
fig. 4, Bide by side, and the light Aoin each if made to 
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pass through a hole in a scieen, and fall upon a vliite 
sheet of paper, placed to receive it, iwo spots will be 
formed, one spot will appear very much brighter tliaii 
the other, the candle being k^t at tiie same distance 
from the paper, the dbtonce between it and the gaa-flanie 
is increased, until the two spots of light ire of precisely 
the same character: the diflerence then between the 

' fc ji 

distances of the two illuminating bodies will give the 
measure of their relative Jnterfsities. BJ a little 'in¬ 
genuity, it will be seen, the prrangef^ents of a photO'^ 
meter may be greatly varied—so as to render tiie i»stru'» 
ment portable and its indications easily understood. 
Light progresses In straiglit lines when traversing any 
homogeneous medium, but if there is any variation in 
the density of the media through which it passes, as ia 
ait, W'ater, glass, it is bent or refracted out of its 
former path* Or, if any medium is interpi^d in the 
path of a ;3fiy, which will not allow of the trausnd&iioii 
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of lig-htj it 15 then tiifned back, or suffers rsfiexwn* 
As many very important phenomena depend upon tho 
refraction and re^exion of the laws which re¬ 

gulate these conditions must be understood. 

IiliSSOir XX. 

REFRACTION AND REFLEXION OF LIGHT. 

t 

1. Ej!iFBA<?Tiopr, a term derived from the Latin, sig^ 
nifying breaking back, lakes place whenever a ray of 
light passes from one medium, as air, into another 
which T.-i*Jenser than it, as water—or tlje contrary. 
^When we view a body under water, we see it in 

theplafe which it actiiall} occupies. If the spot a, ffg. 6 ^ 



. I Fig. G 

were a wjiite stone at the bottom^of a pond, an observer 
at B would perceive its image at c i supposing this line 
bcMo be coiAifiaed—a^' by a roll with which we desire 
to strike the stonp—it wWl fall at a. An instructive ex- 
^periment, is to place a coin in the bottom of a basin, and 
then retiring so far from it, that the edge of*the basin 
prevf^ts the eye from seeing the coin, request an 
attendant to pour in water, st^ily, without removing 
tie coin; when the fluid risea to a ceftain'height the 
coin will again become visible. If the Ihm b a in the 
figure repi^sents a stick placed in air and water, it will 
apj^ar as if broken at d from the same cmisu 
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2. If a my of light perpendicularly upon a 
transparent “body^ 
as a plate of glass, ^ 


(fig. 6,) it passes 
through, without suf¬ 
fering refraction as 
the line jl h a wluch 
we suppose to pass 
through a piece of 
glaas with parallel 
faces. If, however, 
a ray b b falls at 
any angle upoji tlte 
surface it is bent to 
rf, and on ertTj^rgbig 
again into the air, it 
will be again refraA- 
ed in a direction d e 



parallel to b b. 

3. It will novpibe understood that a ray of light, while 
it id passing through a -medium of unvarying density, 
suffers no deviation from a straight line, but that hi pass¬ 
ing from one medium into another, differing, howsoever 
slightly, in density, it is bent^ The law^being tliat 
when tight passes out of a Aire into a dense medium 
the angle of incidence is greater than angle of re-, 
fraction; and when light passes out of a deme into a 
rare medium, the an^e of incidence is less than the 
angle of refraction. The twi%ht of ouf cljmate 
entirely dependent upon tlfe rofraetiug power of the 
air. The suns sinks below theliorizon^ a, (fig. 7,) but j 
its rays still fall upon the upper regions of the air. 
They are there bent in upon the next denser stratum of 
air, and still more so in passing into the next, so tlfht at 
A the sensation of light is experienced, long after the sun 
has set, as long, indeed, aa the direct rays of the sun 
can reach thlt portion of our atmospheric envelope 
indicated by b in the diagram* Many othef remark¬ 
able natuTal phenomena, as mirage, the apparent 
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elevation of sea-coaste, halosj and the rainbowj are due 



Fig. 7* 

to refi'action. The production of colouk by refraction 
will foi'tu a subject for o^nsideration in a future page. 

4, The properties wliiclt lenses phssess of etilargiug 
any object, as in the glasses of spectacleSj of the mi* 
croscope, or of the telei&oope, are entirely due to the 
phenomena of refraction. The con^jideration, however, 
of the laws of refractionj from spherical surlaces, belong 
more especially to that section of our work which we 
have devoted to optics and optical instruments. 

5. Rrfi(EXION.—I f we louk into a silvered^lass, a 
polished plate of metalj* or a pond of still clear water, 

we see our own 
image. This is 
due lo S^erion^ 
The radiations, 
from the surface 
of the body, illu¬ 
minated by solar 
or artificial light, 
are rejected from 
the surface upon 
which these rays 
fall. But^ let us 
examine ^he condition with a single source of light, 
spch aa a taper, A A (%. 8.) If M M iS a tninpr of 


A 
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any kind, and a j-s placed so thaf mys full perpen^ 
diciilaily a «, *tliey are all reflected back along tlie aaine 
lino, if, however, the taper is placed at a , and its 
rays are incideJit at the point a, they then suiter re- 
flexiot? to 6* The eye being placed at b would per^ 
fectly see the image ai a, which, supposing it was a 
single ray of lig+it admitted through a hole at A, and 
totally reflected, would not be seen at any other yioinL' 
The line a a is called the angle qf incidence^ and 
the line a b the angle of reflexion. We therefore say# 
tlie angle qf incidence ana the a^gle of ar^ 

equals but on contrary sides of the perpendicular. 
Accordingly as we vary the form of the reflecting sur^ 
face so wu alter the size of the reflected iniagoi^'but the 
above law of deflexion is equally true for curved as it is, 
for plane surfaces, * , ■ 

6, Under the infiiiencea <ft the laws of reflexion and 
refraction all tlie blessings of light whieli we enjoy are 
determijied. The eye (fig* 9) is a beautifully-constructed 



refracting instrument, by which^ the ri^ s from external, 
objects are brought to a focus on a peculiarly-sensitive 
tablet, on which the images are painted, and upon 
ivliich, indeed, we see them, The eye being nftrely 
the instrument into which the mind foo/w, and discovers 
the objects, which the individual to whom it belongs, 
is surrounded« Accordingly as the various surfaces of 
the organic and inorganic bodies in nature^have the 
power of absorbing, reflecting, and refracting tlie rays 


164 NATURAL PHILOSOPHY, 

of light, so are they Coloured lo our perceptions. There 
are no substances whicti possess an innat<^ colour. The 
colours of flowers, which give so much beauty to the 
garden, the tints which the dyer produces upon textile 
fabrics, and the hues which the painter employs to ^ 
embody oi\ the canvas the conceptions of his genius, are 
all alike duo to a surface aciioUi by which some rays are 
* sent to the eye, wiiile others are absorbed. 

7- The pheimmena of colour now claim our atteution, 
iThe boy blows his soap bubble, and is delighted to 
witness, ,as it floats^ in tJie air, tiie beautiful play of 
col(\urs upon its surface* A drop of yellow oil, or of 
spirit varnish falls upon water, and as it spreads upon 
tJie surfftae of the liquid, it (losses througii a variety of 
^ the moat intense colours. Thin films ot' glass, or of 
micaj give simiip,r coloi.rs* Sir Isaac Newton was the 
first to investigate these chromatic phenomena, and he 
shows that at certain thicknesses all transparent bodies 
possess thU power of decomposing white light into 
coloured light, eacli particular colour, for the same 
medium^ depending upon the thickness of the film. 

By placing two lenses, 
aa a a\ (fig, 10), a plano- 
^ convex lens, and a a', a 
double convex lens to* 
gether, it is obvious 
they can only touch at 
ojie point, and that 
ground that point the 
space regularly increases 
^ tn si^e* By means or screws, these surfaces can be 
squeezed closer together, and thus are produced a series 
of coloured rings dependent on the thicknesses of the 
filmbf air: the curvature of the lenses being known, 
the thickness of the film producing any colour can be 
determined. The tenuity of these films is ^ great that 
their thicknesses can only be reckoned in milJiontlis of 
an inch, ^These vary from 1 millionth to 77 millionths. 

^8. The colours produced by fibres and by grooved 
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Burfiices are the result of analogous conditions. Out space 
will not allow our entering into the consideration of 
tliese^ we therefore proceed to the analysis of a ray of 
white light by prismatic refraction. 

9. If we allow a pencil of sun-light to pass through 
a small hole into a dfV'kened room, after the manner 
previously described, and place a triangiJaT piece of 
glass—which we call a prism—so that the rays fell upon * 
the first surface a b (lig. 11), and emerge at its second 



Fig, 11* 

surface ci at the same angle, the white beaiq which fell 
originally at a is altered in difection^ or it undergoes 
refraction, and an oblong coloured figure, whicli is a 
distorted image of the sun, is produced upon any screen 
placed to receive it ,Thia image is called Vie mlar 
spectrum^ or the prismatic s^ctfum^ and has usually 
been regarded as consisfingci seVen rays— oran^c^ 
ydlow^ green^ indigo^ anti woZef,indicated in the 
diagram by the respective initials | r or extreme red^ 
being add^. Sir Isaac Ifewton conceived that these 
rays depended upon the angle to which the ray* was 
beutout of its path by the prism, and he conceived that 
some rays were more susceptible of tikis deviation titan 
others, i.e* tliat a violet or a blue ray was in a condition 
to suffer a greater degree of refraction thutf a red ray 
or a yellow* ray. Hia expression of the law which 



1G6 


NATURAL philosophy* 


he imagined was a true explanation of the phenomena 
was to this effect— a given angle of refrangibiliig indi^ 
cates a given colour—a given colour argues a given 
angle of refrangibiliig* There are some j-easons^ how¬ 
ever, for doubting the entire cortectness of thk New* 
Ionian hyj^othesis. ^ 

10. If we look at the prismatic spe/?trum through a 
. piece of glass stained blue with the oxide of cobalt, we 
discover another ray beiow tlie ordinary red ray, winch 
, J8 of a very beautiful criniRon. This ray is usually 
termed the extreme redj or the crimson ray. If the 
spectral image is thrhwn upon a piece of paper stained 
witS some vegetable yellow, as turmeric, a new ray 
becomo^isible, at the most refracted endj beyond the 
violet, to which the name of tlie lavende^ ray is given, 

' although its colour may^be regarded as a nentnil grey. 
Modern research*^ has still enlarged the prismatic spec¬ 
trum* There are several solutions, such as those of 
sulphate of quinine, of the astringent principle of horse- 
chestnut bark, or, some of the resinous gils obtained from 
coal-tar, a green variety of ftaor-spar, and a peculiar 
yellow-glass usually termed Hohemian canary-glass, 
which possess the remarkable property of transmiiiing 
either wliit^ light, or lifrht coloured in correspondence 
with the colour of the meflium through which it is trans¬ 
mitted, while they disperse from their first suiTaces rays 
of a colour totally different, these being either blue, 
purple, cr green* If tlie prismatic spectrum is thrown 
upon these dispersive surfaces, we discover the remark-' 
able fact, that these rays liave a much higher degree of 
refrangibilUy tban any* luminous rays with which'we 
' were acquainted. They appear beyond the Kfewtoniaii 
spectrum, forming, as it were, a new spectrum, sliining 
with*a peculiar phosphorescent light* This peculiar 
effect has been called fluorescence^ from the circum* 
stance that fluor-spar exhibits the phenotiienon in a 
striking manner. ^ 

11* It will be evident, from tliis statement, that 
wjhite light may be decomposed into tnori than seven 
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coloured banda. We may now reckon ten or more, 
which we enjimerate, (fijj. 12,) commencing with the 
least TcfniTigible, and proceeding to 
thoae of the higiiest refrangibility, 

Thg crimen ray; red, orange, 
yellow, green, blue, indigo, violet, 
lavender^ and the filiore^^cent ray^^t, 
which are seen as celestial blue, pea* 
green, or purple. 

12* There is, however, every reason 
for believing tJiat many of these rays 
are but combinations of some of*the 
others. It is thought the omnge 
may be due to a mixture of the red 
and the yellow, that the green band 
may be produced by the blending of 
the yellow and *the blue^ ^ndeetif 
Sir David Brewster and some others, 
conpider that white light consists of 
only three primary rays, red, yellow, 
and blue, the oflier rays resulting from 
the intercomb illation of these rays. 

The subject is, however, still under 
examination. Certain it is that white 
light consists of several colo-ii^d rays 
—that the coloured rays are manifested by refraction, and 
that by recombi.^ation we can reproduce white light; fdr 
if we place a second yrism against the face of the first, 
the rays are recombined, and a white spot of light is 
produced. Or we may recombine the rHya, and Jfbua 
produce white light by means of a Jfns. The illumi¬ 
nating powers of these rays are very different \ th# 
greatest intensity of light exists in the yellow ray while 
it diminishes towards either end. Of course witUi light 
has a greater degree of illuminating power than any 
one of the« coloured rays, since the entire reunion of 
all the rays ia necessary to produce whiteness, 

13. If we interrupt any one ray, we pro^i^ce colour. 
Thus if stop the violet rays, the light will become 
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yellow; or if we interrupt the blue or green w© 
shall produce different tints of redness: on,,the contraryj 
if we check the passage r>f the red, and the other rays 
at the least refrangible end, we produce every shade of 
green, blue, and violet. In this way we may ruitate 
every tint in nature, and that, too, with a perfection and 
brilHanby which cannot be matched by art. If these 
experiments are tried on a sheet of wiute paper, they 
afford a satisfactory explanation of the colour of 
natural objects, and con Arm the truth of Newton's 
hypothesis, that the colour of natural bodies are not 
qualiiies tnherent tn the bodies themselves by which 
they Immediately eyffect our sense^ but are mere con~ 
sequences of that pecidiar disposition of the purdcles of 
each bod^^ by which U is enabled more ,jtopiously to 
reflect the rays of me particular colour ^ and to transmit^ 
stific^ absorb th^ oikers. 

14. In producing a very pure prismatic specimen, by 
means of a perfect glass prism, which decomposes the 
line of light admitted through a fine slit, some new and 
curious conditions attract attention, It is then dis¬ 
covered that the chromatic bands forming the spectrum 
are crossed by a great number of black lines—spaces, in 
which there is an entire absence of light. These spaces 
were first observed by Elr. Wollaston, but from their 
having beeii Carefully examined by Fraunlmfer, of 
Munich, they hre commonly called Praunhofer*s dark 
lines^ I 5 figure 12 , a few of the^more important dark 

^spaces alone are marked, with the letters attached by 
which they are designa't.^, , The causes which lead to 
these interruptiof^ in thcispectrom are unknown; it is 
improbable but they may be referred to th& absorp¬ 
tion of rays by the medium through which ^e light 
passes,j in its passage from the sun to the earth, 

15, In oohsidering tlie phenomena of light, the 
peculiar conditions of D&uble S^raetion and Polariza-^ 
tion must not be omitted. 

The dongle refraction of a ray of light, that is, the 
^ditting of it into two rays, takes when tte 
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medium tlironj^h which the light pusses is of unequal 
density, or ii) which the yrrai;geinent of the particles 
constituting the mass is subject to variations, Tlie inost 
lemarkable body in nature possessing this power is 
Icelarfd spar* Let A. b c i> fig, 13, represent a crystal 
of this substance, if i.ts a my of light 
failing upon it, 'A will within the crystal 
split into two rays, / /, and form two 
spots of light upon any screen placed 
Jo receive tliern. If insread of tins w-e 
place the crystal on a piece of puper 
marked with a black stripe or spot, aud 
lot>k through it, two stripes or spots 
will be seen; these two images are 
called the Jrdlnarj/ and the extraor- 
dinar}/ ray; on turning thtl crysfjJ, 
or*e Will be seen to rcvSlve around 
the other, Altliongh Iceland spar 
possesses this power in a high degree, 
a great number of boflics have the 
same power under certain conditions, 
and amongst others the crystalline 
lenses of the eyes of iimt animals arc endowed with 
this property, # * 

16. It is not easy within our prescribed limits to give 
a clear explanation of the pfdarisaliou tof liffht An 
account of its discovery will convey the best impression 
of some of its pheiJbmena, A French pfillosoplicr, 
M. Mains, was looking at tlie Jight of the seU.ing ^un 
leflected from a window in die Luxembourg Palace, 
through a prism of calcareous spar.* He found tha^ 
when he held the prism in one position he saw the 
golden rays most perfectly, but that if he fumed the prism 
round through a quarter of a circle, although he cou- 
tumed to see the window, all the light which was pre- 
vioujjly redecjpd so brilliantly had disappeared. Upon 
turning the prism round another 90° the ^ys passed 
as freely as ^refore, but upon turning it tliroifgh another 
similar £»pace, the rays were again extinguiahed, 'She 
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light was here reSected from the surface gt glass in the 
winiiow at an angle of 56^. Now^ if we place a plate 
of glass at this angle and receive a ray of light upon it, 
the reflected beam and the transmitted beam be 
found to be abered in their conditions. They will have 
uud ergni jo .polartzadon , * 

17. A ti c^rdiiiarTf of light will pa^s through a 
"transparent plate of glass in whatever position it may 
be pWed relative to the incident beam, the polarized 
^ray will not pass through it in all posiiicns. An 
ordinarytray is likewise reflected in all positions; from 
the fieflvcting-glass a poUirized ray is not reflected in all 

positions of the mirror. 
A jH^laris^ope (fig. 14), 
^ asthe instrumeutis called 
for pixiducing these con¬ 
ditions, IS easily con¬ 
structed ; take two tubes, 
A and B, the one fitting 
within the other, and 
hence capable of revolv¬ 
ing ; fit on to the end of 
A a plate of glass not 
quickstlvered, and capa¬ 
ble of turning round to 
that it may form difleretit 
angles with the a^iis of 
the tube, a similar plate 
of glass is fi^ed on to the 
other tube, b. By an 
arrangentler t of this kind 
the two plateS of glass 
can be placed in any 
position relative to each 
other. If lye let a pen¬ 
cil of light, L, fall upon 
the glass a, at an angle 
of 56^ 4^, and let the glaes be bo placed, that the re- 
flicted ray will pass along the axis of the tubes and &11 
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on the second plate b, also at an ang^le of 36° 45', it will 
be found on turning this round that there are two positions 
in which none of the rays are reflectedj although in 
other positions the reflection is more or loss perfect. 
The Jight haa undergone polarization. It is not easy 
to explain wiiat really takes place; the expknatioEi 
usually given ^ of tfiis order. Each i^y* of eomuiou 
light progresses with two systems of vibration, one wa\e 
moving in a horizontal plane, and the other in a vertical 
plane j the act of polarization is the separation of these 
two systems from each other, and hence it is that 
hoiizontal wave is only reflected ol* ti'ansmittefl in certain 
positions of the reflecting or the transmit ting* body, 
and the same with the vertical wave. Whe^jer this be 
a correct ^ pi a nation or not, the phenomena of the 
polarization of light are anmngst the most beautifSl 
with which physical optics nas mMe us acquainted, 
Spectra, far more intense and beautiful than those 
produced by ordinary light, tfi-e produced, and forms of 
the most remarkable, but at the same time symmetrical 
character, mark the path of the polarized rays through 
transparent bodies. 

10, Our knowledge of polarized light enables us to 
truce out tlie niolecukr constitution o^ transparent 
bodies, and to determine thS linea along which iIlb 
particles of matter have arranged themselves to form 
crystals. Numerous practical appllcalions have afso 
been made of tlie phenomena; the sugar j;itlitLer and 
the cultivator of beet'root for the manufacture of sugar 
determine, by its ai(f, ppobleSis of muth importance 
to them; the medical man 4iscove(^» by it conditions 
of health and disease, whici^ he could not otherwi^f* 
detect; to the surveyor it becomes the meajis by which 
he can calculate the depth of water over a shoal at a 
safe distance from it; and it enables the astronomer to 
determine*whether the stars are suns, sliining with self- 
emitted liglft, and to define the luminous conditions of 
even the Conietary Nebulae which fly ao ripidly across 
the immensity of space* 
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iiESSOur XXI. 

HEAT AND CHEMICAL POWER. 

t 

L Heat* — The warmth of tKe solar ^ays every one 
[hust have observed^ and experience teaches us that the 
variations of the seasons are maiidy due to the increase 
afnd decrease of the heat-rays which are associated 
with ligiitr ]f we place a red and a blue glass in the 
sunshine with delicate thermometers behind them, the 
Idj^hest temperature will be attained by that one on 
which di€ rays passing the red meiJia fall. An obser¬ 
vation of this sort led Sit W* Ilerschel to measure the 
temperature of th*? prisu.atic rays* This he did by 
placing very sensitive thermomet.era across the coloured 
rays already described. Tlte experiments mode gave 
the following results:— 

Ill the blue rays tiic heat was 56^ 

,, greerj „ 

„ yellow C2^ 

^ led » ^ .j ,, /2^ 

Below the retl ,, „ 79^' 

Therefore it was proved that the greatest Ijeat existed 
ill the letiSt refrangible rays, where they cease to <^ive 
light, . ^ ' 

2. A very pretty experiment by Sir John Her^hd 
rliows I his in a Jet clearer manner* A piece of thin 
pit per, blackened on one feide, is placed so fliat the 
piismatic spectrum falls on tlie unbkekened side, which 
is theif washed wirh strong ether. When any body dries 
unequally it reflects light unequally ; the dry parts be* 
coming white, while the wet portions appear gray* The 
spectrum dries out such an image as that represented* 
(Fig, 15,) '■ The spot r corresponds with a space a little 
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below the red ray of the spectrum, and the dirainishiiigf 
action of the heating rays is iiidicatfid by the elongated 
cone between r and By tliU experiment it is prove<l 
that heat rays exist yet lower, and the spots a b c 
indiOLte rays of considerable thermic power^ 
which are scarcely ;^t all refracted by the 
prism. From ttliis we learn that the nm\i- “ 
mum points of light and heat in the spectrum 
are not coincident, and tJiat the refracting 
powers are widely different. 

3, We liave the power of separating th^ 
heat and the light rays from each otfier by 
absorbent media, A slice of black mica, or 
of obsidian, obstructs nearly all the light, but^^ 
all the heat freely passes; on the contrary^ 
a glass, stained green with OKide o^ copper, • 
scarcely interferes with life passage of light, 
but stops nearly alt the ray^ which possess 
any heating power, and more particularly 
those which are the least refrangible* Glass 
slightly tinged green by copper has been 
employed, at the suggestion of the author of this paper, 
in glarfngtho Palm-house in the Royal Botanic Gardens 
at Kew, for the purpose of pqeventing th& action of the 
most scorching of the solar*rays on the plants, and it 
has proved eminently successful, , 

4, Chemical power, —If the sun’s rays fall upon 
some preparations of silver, which are white—as lJuj 
chloride of silver—tjiey ohaqge colour^ and become 
nearly black* This powerlof p^roducing chemical change, 
or of effecting the deoomposirion of Mje metallic salt ey 
posed to solar induencej is one of the most remarkable 
phenomena widch have engaged the investigations of 
men of scienco. It cannot be doubted^ but that through 
all time, men must have observed that some colours were 
bleached, knd that others were darkened by the sunshine; 
but no one appears to have inquired into the phenomena. 
At lengtii the alcljeraUts observed that tBe solar raya 
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chatiged the colour of some salts of silver. They were 
then disposed to believe that gold was silv^^Tj pierced 
through with the anlphurous principle ’* of the sun¬ 
beams, and they believed themselves near the discovery 
of the principle of transmutation, in search of vhich 
they wasted their lives. From this false interpretation 
of a remarkable fact, no progress was taide until about 
the latter end of the eighteenth century, when a young 
Swedish chemist discovered that chloride of silver was 
^iiot blackened equally by all the rays, Sctieele’s expe¬ 
riments and observatiijns were repeated and confirm^ ; 
it proved that all the least refrangible rays^—the 
red, orange, and yellow rays-—produced no change in 
the colout-of this salt, but that the most refrangible— 
tjie blue, violet, and rays beyond this space,—were 
most chemically active, - 

5* If a paper covered witit chloride of silver is ex¬ 
posed to the ^ctioJi of the prismatic spec¬ 
trum, it begins to darken in tlie blue ray, 
and the darkening extends with rapidity 
to the end of the violet; it is continue<l 
some considerable space beyond the spec*- 
trum where there is no light. By long 
exposure th*^ red ray effects a sligiit die- 
c mical change, but the extreme red ray 
prr'duces none. There are two or three 
points which must be remembered. By 
the diffused light whkih is always present, 
when such ,an experiment as this is made, 
the paper is tinted over every part but two 
^ spaces, one wnere there is the most heat oi, 
and the other where there is the motf light 
" A, are preserved absolutely white and uu- 
chang^; the greatest change taking place 
at c* These three dissimilar maxima will 
be best understood by tiie following dia¬ 
gram, (fig. 17,) where the three curved 
lines represttjt respectively the variations of inteositfi 
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and the maxima of lumiuoiiy power l, of heating jjowin' 
Hj arid of chemical action c* As we can jfeparale 
light and heat from each other^ so can we eshibil the 
luminous and the chemical force.'^ apart. If we take a 
fiolutioji of the yellow bichromate of potiuih, wc shall 
find tliat no chemical rays permeate alfhough the ligljt 

" w 

r » 



shines through it witli much hnlhancy ; iUhI chloride of^ 
silveTj placed in full sunshine Ltjlnnd ^eh a transparent 
medium, tindergoeS no cliailjr^, Eut if we take a deep 
purple solution of sulphate pf oopper and ammonia, 
although scarcely any light passes it, wg shall discover 
that chloride of silver will blacken a*? rcarlily behind it, 
as if it was exposed to the full sujishiuCj—because the 
chemical rays pass it freely. 

6, It is yet to be decirled whether those three prin^ 
ciples are modified forms of oupp or whether liiey are dis^ 
similar agents umted in the Aiubeam. We have three 
very distinct phenomena; these are %A/p kmt^ and thi^ 
chemical power, to the cause of which tiie term actinism 
has been applied. This last power or principle is that 
by which is produced a^l the vaqcty of pietpres grouped 
under the general term of pfwtoaraphw drawbiffs. PiC' 
twres are obtained upon silver plate^if or glass, and on* 
paper, and for their production a preparation known bs 
the iodide of silver, is usually employed. The pictures 
are obtained in two ways-^first, by placing the leases of 
plants, engravings, or anything else which we desire to 
copy on thd prepared surface, pressing them close ivith 
a plate of gls&s, and exposing directly to the sunshine, 
w'hen all the exposed parta darken, leavjNg‘*the apacci* 
covered unchanged, or only elianged in proportion to^Jnj 
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quantity of liglit which penetrates the superposed body; 
or seeondj by the use of the camera Orbscura. The 
iniages of external objects falling on the prepared surface, 
produce a change exactly proportional to the quantity of 
chemical radiations proceeding from the external bbject* 
Tiiese pictures are then developed or exalted by the 
application cf some chemical com pound j possessing the 
■^required power,, and fixed or rendered permanent by 
employing aiiotlier chemical material, which has the 
*po\ver of dissolving all the silver salt which remains 
unchanged* 

7i PnosPHOHEs<'Ti]KCE,—This term is applied to the 
emission of light from any body, under peculiar cii'- 
cunistaniesi Tlie whiting* and some other fish, speedily 
^sume this coudition. Many varieties of decayed wood, 
iu like, manner, glow in the dark* Phosphorus, com¬ 
bining with the oxygen of the air, undergoing indeed 
slow combustion, shinca J)rilliautly in the dark, hence 
tfie term phosplmresceuce. There are two substances, 
combinations of sulphur and lime or barytes—known 
as Cautotrs and Baldwin’s phospEiorus ; winch being 
exposed to the suushittc, and tlien carried into a dark 
room, give out a considerable quantity of light* This 
appears to xhow something like the absorption of the 
polar rays, and iheir subsequent emissioni Yet it is 
furious that f^he cfiect is due to ttmse rays of the 
spectrum wiiich possess tlie least illuminating power* 
If either of these solar phasphori, when smeared over 
paper, be exposed to the action,of the prismatic spec¬ 
trum, it will be found that they only become luminous 
^upon the spaces t.overed'by tliose rays which are ni&st 
chemically active—all the other parts continuing per¬ 
fectly dark. This proves eitfier that the chemical rays 
excite tiiis phosphorescent power, or that it is due to 
those extra-apeciral luminous rays, whicfi have been 
described as becoming visible in sulphate of quinine 
solution, or in uranium glass* We know the conditions 
by which l-he phenomt^non can be brought about, but 
thf cause producing it is involved in mystery, notwitb- 



LIGHT, 


177 

standi Jig the long and earnest invei^tigations whiih have 
been made fmni time to time by the most eminent 
ficientihc observers* 

8. Nature of hgiit. —The excitement prodncirrg 
vision fe explainedj by one of the two theories of 
whieh we have avoided, mentioning until tlie^chief plie- 
iinnieiia of this eigcnt had been describei 8ir Tsaao 
Newton supposed iiglit to be an emission of infinitely* 
fine jmrticles of matter from tlie sun, these particles 
travelling at the eiionnous rate of more than lOOjOOtK 
miles in a secmid of time* Tn ponstquenci^ of this 
velo(dty, notwithstanding the particles are supposed to 
he 1000 miles apart^ they appear as a continuous stream. 
Matter was supposed to exert certain forces, !i*y which 
the eye was protected from injury by the beating of^ 
light n|xm its membranes^ or passing ^roiigh itsjlensesj 
and the plienomend of coloifr, were explained upon 
the hypothesis of variations in Jhe rates of progression. 

9. The nmhilatory theory, a^i it is termed, supposes 
all sptice to ho fJled wjtlj a t>ecidiar attenuated medium 
called e/Aer, which in ter penef rates even the most solid 
masses of matter. When, by the action of some force, 
this is put in motion, such motion being a system of 
waves or undulations, light is t|}e resuU. * 

Colour, as exhibited by tlu? prismatic spectrum, this 
tiieory supposes to be due to different Jeiigtfis in tlit? 
wave, and variations as to . the number of undulations 
in a given tiino, * • 

Beyond this, accorjiipg to thj undulatojy theoryj a 
certain amount of wave-m6tion is supposed to produce 
Aea^. This being increased, ttie msult; and, 

eventually, the vibratioua still increasing, die flower of 
producing chemical riiange is obtainetl* 

10* Most luminous phenomena can be explained" upon 
either theory j but the conditions oi the polarization 
of light ard more satisfactorily elucidated by tlie Jhypo¬ 
thesis of undulations. 

11 . Tlie consideration of the action of the*principles, 
heatj light, *and chemical po^ver, involved in die sojar 
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beam iu i>n>duciiig tlif3 great plieijomena of creation, 
opens a wide and irjteresting field of inquiry* The fiist 
.spring of life in the germination of the seed has been 
proved to be due to the chemical power of the sunbeam ; 
the growth of the plant and the formation of wooi to the 
light; and the process of flowerj^ng and the perfection of 
the fniit to the solar heat rays* Thesianimal, like the 
' vegetable economy, depends tor its very existence on 
light Before its creation the world waa a chaos: but 
•God said, Let there be light: and organization, life, 
and beauty at once overspread the face of the earth* 
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OrtlioOTaphlc and I^oiufi- 
trictu Projection. By the 
same Author, With 40 whole- 
page Diagrams. ifSpp^extrA 
ECau,^ 3 vo, cloth liinp, an, 

LimBflf Drawing* and Pro¬ 
jection The Two Volurue.s iu 
Oiie. Cloth, lettered, 35. 6d. 

Building Constmotion, the 
Elenictits af, and ArchitLcttual 
Urawin^ By Elli^ A David- 
BOM With ijo I Must rations. [ 
Ejctra fcap. 8vo, if^.pp., cloth 
limp, ^ f 

Byatematie Drawing and 
BlLadlng^ I.lyCHAKi.Ks Ryan, 
Head Master Lftiunington 
School of Art. with anmeious j 


llUtstrations aud Drawing 
Copies Tio pp., extra fcap- 
Svo, cloth hmp, Ai 
Drawing f<» Carpenters 
and Joinora. BvEliab 
Daviijsom. With 353 HI List tA- 
tio]i!i aud Drawing Copies^ >04 
pp , cKLira fcap Gvo, doth* ^ShM, 

Praeticftl Peri^pective. Bf 

Ei.ms a. Davijjson. With 36 
do (Tblc-i uge I Uustrations. go pp^ 
cloth, 3v - 

Drawing for lHachmlflta* 
By Elli^ A. DAViDiOM. With 
40 doublo-paiie, 6 rr^^blc-pjige, 
and coiilAioiiig over 30D lUuB- 
tiatjoD^ and iJiagrAins. Extr# 
t fc^ip Svj^ doth^ 4s* 6fi. 

Model T^rawing* With aa 

single Aiid ii doublc-p^e platcj^* 


Cloth, 

*New ill 


few Drawing Models^ 

cuji^.i'^tiiif; of 25 Blocks, 


CaseoU's SlomenHuy Atlas. 16 Coloured Maps. Fcap. 4to, Cd. 
CaBBOU'S Froporatory Atlas^ tf* Coloured Maps. Crown 410, Cd. 
COBBeU’s First SobaoL Atlas. Coloured Maps. Crown 4to, is, 
CaSBeU'B Handy Atlas. ^4 Cobutxid and Index. Crown Bvo 

cloth, as. 6 iJ 

COABells BeglniiBr'B Atlas, 24 Coloured M&ps, and Index, Crown 
4(0, cloth, 2:^ 5 d. ^ * 

Cassairs Introdnotory Atlas. *iS Coloured Maps, and Index. 

Cblh, 34, 6 d. • 

CoBsoU's Belect Atlas, 23 Coloured Maps, and Ifdex. Imperial 
cloth, 5s 

CfUuMirs ComprebeUBlVe Atlas. 43 Coloured Maps, and Judex. 

loSL 6d, ■ * 

CbetiUstry, Hlctaeiktaty. By the Rev. H. Maxtvm Hart, 299pp. 
crown 8vo, cloth, ^d. « S ► 

Copy-Boaks for Bobools, CaAsoirs. With Set Copies on every 


page. Price sd. each. 

1. Initiatory Exercises. 

2. Detters and Combina- 

tioua, 

3. Short Words. 

4. Capitals, 

5. Text Hand. 

6. Text and Bound. ‘ 

7. Bound Hand. 

8. Bound A Small Hands. 


9. dSnd. 

10. Text, Bound, A SmaU 
Handa. 

\ 11, Introduction to Iiodioa' 
. Hand. 

) 12. Dadlea* Hand. 

I 13. Commercial Sen¬ 
tences. 

I 14. Figures. 


*«* These Bwlca are now very largely used ro Schools, Aid have been 
descAbed as the ekea/ejt and ever publblKd, . 
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DrAwliis Coplesr CiLaaoll’s Slxponny- 

Eeri«5i A* Floral and Vese- 'I'wdvr on Csuriiijoard, 

tablo Fomia. Twelve Part^, eac’h^ 

6d. catli; 'JVtlvc Packt^ti. on Senes D. Figur© Drawing 
Lardboardj is. each TweJve Parti, fid. eacti; ISvelve 

Senes Ti. Model Drawing. Packets un Cardboard* is.each. 
Twelve Parti, (id eadi; Twelve Serieji E. Animal Drawing* 
FacVcls oiMJandboard, is. ejich. Twelve Parts* 6d each; Twelve 

Series C LandaoapeDrftW- Packets on CardboarJ* is. 

ing. Twelve Parts* fid. each ; eachn 
Thi Dra^ving^ Parts, /ir/d ir. OH C^rd&Mfvt, rfio-y Se 

had in sf/tarate is or 

Drawing Copy-Books, Casseirs Ponny* Each Pomiy Book 
contain^ Fourteen Dra^vhijj Copies and Paper to Uraw upon* Fcap* 4t(K 


j The F/rst Gmdr S/tifs tofH- \ 8. Freehand-^Advanced 

^rtjiej,— Studies of Plants* 

1* Bigiit Line Forma* 0* Freehand — Oonvon^- 

2* Chrved Line Forms* ti^al Ornatne'nt, 

spective* ' | 10* Geometrioal Pro- 

4* Ornamental Forms. i blemg. 

6* FloralForms,Fruit,’Jfco. i 11^ Linear PerapectiTe, 

6* OroTipa of Objects, ■ 12, Model Drawing-* 

^nsej— Forma* 

7- Freehand—Elementary i 
Forma of Plants* 

These are followed by Boolc^ of Lfvndacap© and Marin© dnb^ 

jeDtfli Birds,«Dogs, MiaaeDg^noona AnfiiLaUt ^ind Meohonioal 
Drawing. 

A Tsmpi^nny Edition is aUo issned on TinUd Pap^ro/thes* DntrWtng- 
c*py Books. t 

Drawing Cople#* 

Gregory's First Grade ’ e*i Twelve Card-*, is. % and en- 
deiF-te aching Free-hand lathed for bbeh-boord, n. 

pies. In Two FaSetSj each i 

containing Twenty-four , Ex- 

Eunples on ^jnl/'price is. per “ Packet, is. dd. 

Packet Enlais^J for black- Gregory's Eafty Drawing 
board, is- dd* per Packet* ' ExampLea* Tvi^ty * four 
Gregoiy'a Outlines :&om | Card& la rs.^ sniaiged 

Models need in Bohoola, \ for blAck-board, as. 6d- 

BagllBll Grammar. By Professor SatLivAN, LL.D, S^th Editfotu is. 
Ktymploj^, a Moanal oL By Piofeisor Sullivah, LLD, jtd 
Edition, icd- 

EnMlih Spelltsg and Beading Book* WiJi upwards «f ifo 
Illustrations, clotb, iS. 

BaoUif, Cc^'well^e. Edited by Professor Wallacs, A.M., of the GUa^ 
£ow University* i &.; cloth, is* fid* Key to Ditto^ 4d. 


B* Freehand — Convene 
tional Orname'nt, 
PTlhcimlly baaed on. 
Plant "Forma, 

10* Goometrioal Pro¬ 
blems. 

11, Linear PerapectiTe* 

12, Model Drawing—* 
Sinrpie Objects of 
olearly-dedned 
Forma* 


0*1 Twelve Card-*, is .; and en- 
lotged for black-board, 3S. 

Gregory's Outlines fsom 
powers, Twulve large Cards, 
in Packet, is. dd. 

Gregory's Easy Drawing 
ExampLea* Tvi^ty * four 
Card& id is.^ snloiged 

for black-board, as. 6d- 
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Einolld, Th« First Four Books of. Pfyier^ 6d. ; cloth, gd. 
Frouol^ Caaaeira Leaaono In, By Fmftssor Pas^uelle ‘ New 
EJitii^n, Revi&bd and Impraved. By l^fc^sor Da Lnl.AiK. Parts I. 
and 11 . m paper* as ; cloth^ eacli as 6 d. Complete la One Volume* 
, 4 S fid. KKY, dothj is. dd 

French ShltUng Lessona In. 15.; doth, &d. 

French, SbEponny Losaons In. * 

Fronob and English Corroapondonoo for B«ys. 2s. 6d, 
Frenoh and Englleb Oorroapondenoo for Young Ladlef, 

fls. 6d.. 


FIronob and Engtisb Commerolal Correapondenooi as sd. 
Fronch Rotlder, The. New EdiUon, By Professor Da 

Cloth* IS Gd t 

Galbraith and Haugbton*s Sdentfb^ Manuals, doth* red 

edges. 


Arithmetic. Cloth, 3s. 

Plano Trigonometry, ss.dd. 
Euclid. Eleincntsi Lj IT., 111 . 

IS. 6 d . 

Euclid. Books IY„ V , VL 

3S. 6d 

Mat hematic a 1 liable 3 . 6(/, 

Mechanics. Cloth, lettered, 
* 3S. 6d 

Optics, as ed. 
Hydro3tatiC3.^ 3 s, 6 d. 
Astronomy. 5 s. 


Steam Engine. 3 B. dd. 

Algebra. Third Edition. Pirt 
1 ., 2 S. 6 d.; complete^ 7 s, 6 d. 

Tides and Tii^l Currenti, 
■* New h^ditbn, with 'Fidat Cards. 

3'^- 

Katural* Philosophy. With 
'* t 6 o IlluitratiDtiS. 

The Three Kingdoma of 
ligature. With 230 lllu^tn* 
tioiis. 5 s. 


Goography* Hy Profesior Suli.ivam, LL D. 34 
Geography Generalised; with Mups^and IlLiatmticAs. By Ptoresaor 
Sulliva+m, LL.D. as. 

Gorman Reader, The International, for the V^$ of CoILe^fcs and ^ 
Schools. Tiy Er>wARD A. Ofpkn, iPHaileybury College, 4s. fid. 
German, Le^otta In, By W. H, Wooduuj^v. Parts L and 11., as.; 

clnth, carh af. 6cl. Complete in One Volume, cloth* 4^. cJ* 

German, Key to Loseons In, i^. ; cloth* I'i. 60. ' 

Qennaii, Sixpenny lieflflona In. By E. A. Opfrn, of Hmleybuiry 
College Sd j « 

Uterary Class Book, The, By Profesisor Stri.i-ivAN* LL.D. 2 ^ 6d. 
Bforell'e Complete or Spelling. With NumcroiK E^er* 

cises by J, D, MoreLL,H,M. Irtpcctor of SchooU, nS pp*, crowd 3 v 0 j 
cloth, II 

Natural Htatory of the Raw MateriakPof ^omineroe, Bg 

I, Yeats, LL.D,, F.R,G.S. fnterded for Btudents And for Young 
Maou&ctiiferE* and Buiiucis Men. 452 pp,, crown Bvo^ 
cloth, ss SWfiiiti 

^flrTRCHNtCAL History of Commerce, stt 13.L 
Natural Philosophy^ The Elementa of, for the Use or Schools. 
Bytk< Rev Samuel HAytiHTON, M.D., F.R.S-, FeTlgfw of Tiiiuty ’ 
Collc^i Diiblin. With iGo lUuatrations^ Clothe 3s ■ 6d. 

Natural Philosophy, In Ba^ Lessons^ By Professor Tyndall, 
F.R.S. Bhi^rated, New Edition, as. Gd. 

Fanny Table Book, Caasoll*s, for the U-u; of School^ id. 
Pnetlaal Raadar, CaaaeU's. For Fupll 'leachers am School 
aoS pp. Cluch, IS. 
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Popular Education and Sobocl-kecpln^f* 

Popular Educator, Caiieell*« Mow. vised ta the Presebt Date, 
tvith Nilmcmus Additions. Vok 1 ., H., Ht , JV., V.^and VJ. iiowrea 
best di>th Kill, 6!i earh , oompleit; m Hires Volumes, half-calf^ los* 

JPHmary Series, An entu^W new and t^nclna] Scries of Vqluniej, 
spcOLEiHy prepared for ihc use oi Etc mental y, Natioiia!, and other Schools, 
^ fir*it'class practical men. 


The Animal Kingdom, 

With aLi.ttidont Illustrations, 
Double Voh, cloth, lettered, 
lou pp,, as 

CASSELUS new code 
SERIFS, 

AtAtpfi'S tii tki* Re^fuiriiiitnU t^/ 

f'/ff A'fflu 

Header 

The ^oy’a Elementary 

Header* I'ur l^oys Linderfovir 
ycLiriufajre 6.|pp* tdoth, 

: The GiiTa Elementary 

j Header. For (hr'^ under four 
I yuit'i of Cloth, ^d, , 

■ The Boy’fl First Header. 

StunilaicI C 64 pp. Illustrated, 
j L'Intfi, ad 

I The tiirl’s First Header* 

I Standard L 6^ pp Illustrated, 

I ■ doth, 4d 

I Tke Bo^a and GirVa 
I Second Reader. Stindard 

n, TrjpT). lHiisiraied. G.6d. 
The Boy* & GirPs Third 
Header, Standard Ill. 138 
pp Cloth, 7(1. 

The Boy’s & Girl's Pourth 
Reader* Standard iv* 160 
Cloifi, 8 d. 

The Boy's and Girl's Fifth 
deader, Btnndard V* ijGpp, 
cloth, lod 

The Boy's and GirPs Sixth 
Header, Standard Vl, sqS 
pp. Cloth, ns « 

[Eprtip.\y Cons Ahithmftics, 0 .) 

-Teehniool Muoator, C«4«6I1 'b. VoL 1*, 4 ta pp , trown 4 to, pro- 
IJUihtratcd. Clotli, 6s, 

"TeeluiicaL KUtory ^ commoroe. By J. ll*d*, f.r*G.S* 
Cloth, 55. 

SpelUnff-Boolc Bnperwded/ By ProfeiiSDr SuLlivan, LL.P. 

Hr 4d ' 

TJ^^wiu*da of Four Hundred Word*, Spelled in Two or More Ways i 
By Profeiifi^r Si’LtiVAit, LLD. f«J. 

'Ware mrtenra Shalseapoare Copy-Books^ for School Dse* 

AJid Wrapper, 6d. 


Elemental^ Astronomy* 

Illustrated. izSjip Cluth, is, 

E lementary Ari thm etic ^ 
Simple Hitiof, 4ii Key to 
duto, 3d. 

EiDraentary Arithmetic. 
Compound Kule^. 6d. Key to 
dhiu, 3d. 

Elumentary British His¬ 
tory* 6tl. 

Elemental Geography, id. 

A Handy Book on Health, 
and How to Preserve It, 
Clutb, ^d. 

England at Hone: An ^nle- 
lucbLary Text-Buok of Ceo' 
gfiiphy, Mainifai;tuie, Ttade, 
and Cotnricfce. i* f 

OulT Bodies: An ElEnientary 
Tcxt-Etiok of Kunian Pliyiig^ 
logy* rs 

Our Houses, and what 
tliay are Made of* 

Our J?DOd. Supplymg Ele- 

tnecitsity Lc^^ains lu Domestic 
Economy, ts. 

Out Firs^ Grammar: An 
Elewientary Text Book for Lc- 
llrirnirs is. 

le IJsea t?f Plants in 
Food, Arts, and Com¬ 
merce* With 1 1 lust rations ts, 

R^ht Ijinee in their Bight 

' Places; or^ GeometTy with out 
^ Ibslruments. With Draermgs 
on Wood by the Author, ts* 

Togetabla Physiology^ in 
Easy Lciison^r, wth numerous 
Illustrationb is, (id. 


rrS 
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* jTmc ^rt St’olumfS* 

With over One HuiiJrad riliistratLoi^s from OnginAl 
Designs by KjtPJii.'iT Griset. Iincjcnal five, pu , doth, ts, 6d> i 
fAlgilt, gitt edgt;*!^ lo'^. 6d. 

After Ophlr* By Caption A. F, LtntJi.tV. IIInitialed with iievftnty-five 
£iigr.iivii]^, doth ffdt, 7i* (id. 

Amu ana AiUiour* By Cjiakles BnuTiti/, M.A., Author of 
** English Hcrildry*'^ With nLiincrou^ Enj^raviiigs^ 7in fid i 

Beauttea of Foediy and Gems of Art* Witli dl)jriy-two lUn^- 

trattoiis by J. C, Hoheley, K*A,,, h C. W. Lope, k.A^* 

PivK£ksgi &c. With Omamciital Uptdar^, Sc 7^ fid , 

Book of Historical CostumeB, Tke. With NtneLy-six fuLUpagi 
Cotuured Engraving; ^l>^. ^ 

Bunyan The FUgrlrn'e Frogresa. Ciuih, 7s, tsa : gilt edgesj 

IWd {id ; morocco anLitinc, 21s. * 

Bu^OJl. Tke Holy War Unifarm with abovc^ and same price. 
Cbeu-d'cauvro of tlie Industrial Arts* Witli HI nitration;. 
By Philepi'E BtJitr.v. Euitcd by W, CJiAt^pttis, KS A. 1 Clothe ; 
extra tlixh ftiU, it. * 

lilfo Olid Advcntliros Of« With JOO lIlustfLi^itnisby lUatt 
Morgapj Hanison Weir^ R. B Ijfndi, Cluth^ 7 s. fid , full gilt, 

10s fid. ; morocco^, 31s ' 

Boro Gallery, Th^, Containing Two Hui^died and Fifty of the hties^t 
Draw tugs oi Guetave Dt>jii L^tcrprc^s and Memnir by Edmund 
O u.iER, Cbth gih, ;^5 5S, : full mtiroLCP, dcgaiiE, £t.q > m Two Vyls , 
doth dltj icis. 

Bor^ Bible {scj Bibles iind Religions Liteiaiure/* page d. 

Bore s JUilton's Paradise Lost. Iliuswaied wl1.Ii fnCJ pjge Drain¬ 
ing'' by GubiAViL Uuitfi ClLitli, jCsi bciit pnlibhed irujrocct}^ gdt 

extra, 4ia 

Boro's Bonte^B infemo* Cloth, los. , mprecco antique, with gilt 

jCi 4 ^^ full laiircoou, £6 

Bore's Bante's Purgatory and Paradise. * Uiitfonn with th« 

iNFEhNO, and same price. * 

Bore's Don Q>Ulxoto. With 400 lilubtrAtioLi!!. ciud^, los.; half 
nidrotco, j£a 5s. ; full morocco antiqicc, £4 los.* ^ • 

Boxers AtaiOi Hy Ckatbaddriand. Cbdi, jf]a as.; morocco gilt, £4 4^. 
Bore's lA Fontaine's Fables. With S6 full-page and many othtr 

Engravings. Cloth, ;£T*roi.; half morocco, 5b.; full iifon^COO antique, 
^3 w 

Bore's Fairy Bealm** IiTgstratc.1 with Tweai^-five full-iiacfi £n- 
gravidg^ by Gusi’avk ClfthgilL gillwjgos, £i 

Bore's^ The History of Croqiiomlialr^i the Tlmes^f 

Oha^lemaglie. With nearly aou Kngraviiig^, Cloth, lOb. fid. * 

Bore’s^ ipxe Adventures of HunohauBem. With 31 futl-pagc 
Engravings. Cloth, ids. fid. 

Bore's^ The Legend ckf the Wandering Jov^ FoU, 15s.; 

fljtlra gilt, iis. . • 

Soolosiflatleal Art In Genuauy daring the Rilddle Agee^ 

By W. LtJfiiCB, Prcrf&bsorof Art tfiatory jci^'jtuttgarl. Tran^Utcu by 
I.. A. Wheatky. With 1S4 Engravings, i is 
Xnglllh HQlSBl«ry' l^y CiiAhLBS Lour KM., M.A^ Author of "Arms 
and Armour," fltc. With 460 Engravings. I'icw Edition, Cloth, js. 
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TuTonrlto Poems hj Gifted Bards. With Twenty-four Er- 

CLitth, giti tJgcSj 7s 6d, t 

Foxe^s Book of Martyrs, IHustmtcd \vith iSi Eiigruving^, Pl^un 

cloibp init ; gik, 15E;. 

Goethe Gallery^ A 5ierieiof beaut l^iil Photograph;; from Raulbach^s 
D rawings of the Hti'otnes of Goethe. Handsomely bound iti 
ijiorocto, 4 i&. 

Goethe's HorolBes. A Scrtcs of Twcutv one exquisite Engravings on 
Steeh Uotn, i^itered^ 7?- ^ 

OreecOt The Scenery of. By W. Linton. Fifty exquiititely beaott- 
' fill full-jv'ige Steel Engravtngs, CJotb,. lettcn^dj gilt edgesj ?is+ 

Gnlllver^s Travels, By Dkan 1 11 ujitraEcd with Eighty-eight 

Kngraviog^ by MohTSN+ With an Inttoduf^lion, Aimotalioits, and a Ltfb 
f OF bfWirr, by J. F. Wai I.rr, LL.D., JI B J A. Jinperjal Svo, 400pp>, 

* plain ciolh, 7^ 6d.; full gilt, gilt etlgc5^ io», 6d , inoroccOj 

Homely Scenes from fir eat Painters. By Gimrr^EV. with 20 
rull-]|agc PlntL'^'i pniitixl by the Wuudbuiy Piocts'n, Glotti gilt* 15“^- 

EUnstrated Readings, Voi i., cloth gilt, &i., full gilt, gik 

roP 6tl. «Vlj 1, TL, cloth^ js. fid ; full cHtj gdt e[lK«j las, 6d. Or, the 
Two VqJs in Oic, ttuth, us, fid ; Jidlf moirKtn^ 15s. 

I^iistrated Travels* a BecotJ pf Di-^gpvpry, Gcpgraphy*and Adveb^ 
turc by H W, Hats'* Aspisrant-Setreiary of the Royal GcO’- 

graphleArSodeiy. "V^Is 1. and Ilj crcIi, doth* 1^4. : cloth, extra gilt, 
gilt edge&, iBs, Qr, the Two Yuls. in Otic, cloth, , fae»t cloth, gUt 
edgc^i 31s. fid 

lUnstratlons, Millais', A Collection of Eighty Drawings on Wood, 
by John Evveiett Mili-ai,% K A. GJuih, gtk edgw, 

Insect Worldi The, From the French of Loui^Figujih. With 57 i> 
Illii(tratiotii&. hidited by K, W. Jansen. Cloth, ; gik, 

* Jenrels Gathered from Painter and Poet, Cbch gik, 

yS- fid, 

liOg Of the Fartniia, The* By Capudn A, F. Lindlbv. Foap, 

sfjfi pp.j cbtly;ilt, 7-'5, fid 

Ocean WorldfThe. Fmm t^fu,French of Loujs Figujer. Edited by 
C- O. G Napibr F.G S Clcth^ lettered, ifis. ; extra t-bth gilt, *15^, 

Old l^den^ and New Faces, With Twenty-four full-page lllrntra- 
' tioii^, bellitifril]yj>nnled in colours by KhoNhhjm- 

Pietnres from English Utemture,. With so fuii-page llitistra- 
ticms by J*C. llofistEY^ R A , F. Vea™5, A.R.A., M aeci.'sStohe* 
J. Grt^naiiT, H R. Broivnk, W, Cavk TiioaiaS, LawsGh, Hushes, 
Barkamh, FiinChs, u0niAtrteni4.1 chapter hcadjt und title page 

b^ Ti SuLMAN^ The Text by Dr. Waller. Crown 410, cloth gilt, 9is» 

HeptUes and Blrds^ From the French of Loui 5 Fic^uier. Edited by 
t TarkbeGilmoSb, ft.sr. iSs. J extra rloth gilt, a^. 

Baered Poems, The Book of. Fdiiedby the Rev. R. H. Bavhes» 

M.Ah Cloth, plain, 7';, fid. ; doth, extra gih^ gilt edges^ los^fid. t 
morocco antique, iis. 

SoMUer Gldleryt The, A Series of choice Photographs from Kaul- 
baCh','^ Paintings of Scenery from jCs js 

Selection of One Hundred of the Finest Engravtnga hj 
the late O, H, Thomas. Goth gilt, ns. 

Tborwhldewi's Trlntnphal Entry of Alexander the Great 
Into Hahylon. With Twenty-two Platen, foMo^ clqth^ 43$. 

__--_, ^-__ 
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VtigetAtlle World, The. With ni IVam the French of 

Louis FifiiTiEh. Fdited hy C. 0. G, NAnaK, F.C is. Cloth, leUered, 
txtm cktth -21^, ' 

Tlcarof WaJcefleld, Tho, anJ Poems. Be^niifnlty printed on Toned 
Paper, and IlhistnUcd with 108 Eii^ravinf^^ In one h.inclMJiie imperial 
Svo Volmne, 37S pp , hound in cloth, 7.^ 6d.; full gdt doth, with fplt 
los 6d. f full morocco ai^lapie, 31s. 

WerldT before the Deluge, The* With 533 IJlust rations. From 
the French of Louts hjouiEit. Edited by H, W, P#iistow, F.K.S* 
Cloth, lettered, ; CKlra cloth cis, ^ 

World of the Seiu With tZ Coloured Plates, and numeraus Wood 
Engrav'ings. Cloth lettered, sjs. * 


^anti-'^oot!^ ant) (Outlies;. 

Baoeu^s Guido to Amorlou and tl^ Colouteo, With Maps, 

Cloth, as 6 di 

Givll Servloe, Guide to Employment In the, Reiruftl to the 
Presciu ’i iini;. CEoth, 6 d* 


Civil Service, Guide to the ludlan. By A. C, EvAld, F*S.A, 
CloiJh, 2ii. 6d. * * 

Guide to Amerlea for the Capitalist, Tourist, or Emigrant. By G. W. 

Bacon, F,US. With Coloured Mn*, is. ' • 

XSmigraiLt’e Guide .to the Cetonies of Great Britain. fcL 
Hand-Bookflp CitBfloIl'a Popular, Cloth, is. each , free hy po^t for 


13 stamps. 

Art of Converaation, 
Book-Keeping, by Single and 
Double Entry.« Kulcd Account 
Books to dittf, CKtta, is. 6d. 
each Set, 

Chemititry. 

Domes tie FetS4 
Domeatle Recipes. 
Drawlug^Romn KLogio, 


I* Elocution and Oratory, 
Emergeneies. 

Etiquette for Ladies and 
Genclemen, 

Gardening. I 

Investments, 

L ettor ^ W r it ing. 

Natural Philosophy. 
Railway Bitgatlons, 

IT., and IIr , tacb cotitaimng Two 


Xfonsehold Guido, The. VoL. 1 

Coloured Plattss ajid lIlListracions oi^ nearly every page. A'lutJi gilt, 6s, 
per VoUime, * • 

Tbftinoo aud Tweed.—Kow Work on Fishing. By Gcokge 

kouPHii, Author of " Flood, Field, and Forest," 2s. 6d, 


?&lS!tOVg, 

Snulond; muHitmted History of. CouMete m Eight Volumet 
bound in cloth, 6s. And 7^. 6d, eacli, DittOj^ou* Volumes,, strongli^ 
bound in batT-calb witEi full gilt back:i and doth sidcSj jC4‘ 

■ llie Toned Paper Editjcn, Vols, 1.^ 11.^ IlL, IV., and V. 

Cloth, each m, 

BnglMd, History oi^ frooi the First Invasion by the Ropa^s to tho 
Accession oF WilJjaifn and h^ry ip 16^, By Jcurt LtKCAltP, D.D. 

. In Ten Volumesi, Lettered, 35S. 

TeohnloAl History of Gommoroe, By J. LLD., F.H.G.S* 

Cloth, Si. 
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CAXSKLL, PKTTER, AND GALPIN, 


i¥It£lcr!Iaucon£l« 

A poet Hero* By Cou^^Trs-i Vo?j IlOTHMi Fi, TlcErig a Biography of 
the (jcrman AVar iVet, ThecnJote KtPnter Teiierefli C'l 

Appropriation of t^o Hall ways by tbo State. \iy Arthur 

rtarri^ter'at'Law. The People^s^EJitioiT Clown fivo^ is. 

Arms and Armour. l=y HouTiiJ r, M A. With Siivec .y-onc 

1 llustratitin*'. Cloth, uitt iop, 7=1 6(1. 

Bedlo Sauvagib Llbraryi l^e« A of fotrwr^s far Fteim 

lYic^ IS 6d ptT Vrtl.^ cloili, frail Svo 

1. Pulpit Ttible Talk. By 4 . The Life of Bernard 

Dtaii Ram^-av, M a. Pflli^^syj of Saintee* By 

2 . The Search for tho GraL J Moiri.iiV 

* By Julia GonuAkij. 5* The Younc Man in the 

"3. Sermons for Boys. Tly Battle of £ife. By Kev. 
the Rev Ar Ktini Barlv, D.D , Dr. LANn^.L^* 

T^rmcMJiil of K Collcije. 

Cassell'a Magazine, 

V(^]. f., New Series, c^Jiilaiiiliii? Man and VVife," by Wrl-rcin Colltn* 
6t>o]pp cpf lAitici'prcvti ami Engraviiij^ih flnth.-qili ItHercd. 65 6d* 
VoL II , f^ontaniin^ Mi J S E.k t’AM \ N<‘W SftJiy, Checkmate/'' 
CfiTnVriete, rroTn^icly Hln'ilmlL'-Ll Clolh^ 6d. 

Daybreak In SpallL J^y the Rev* Dr. Wvjlu, Beinj the first 
iictount that has yci appeared ,af the evtracii Jiij:^ry rtfeiination now 
goinjjrin 111 fipaln Wuh T\iel\e IV’li'itiations* -r.s, 

Gregoiy's Hand-Book of SqulTalent Prices^ British and 

^I^nc. f'lolh, ss, fid 

History Of the Pianofort04 Bjf Edcar BiuNEiMEAD, lj 1 u.^trated. 3!>» 
Italian FlnanCOB» By Gaktano SaMaw^A, briber fer Cnmoin th& 

Italian ParliHmcnt, Clntli^ 5s* } 

Uttio Gem Series, The* Clothe 6d* eaeli; red ed^es, ^d* each. 

9 Shall we Know One Words of Help for Every* 

AnotherP By tlie Rtv. J, day Irife* By the Rev. w, 
C. Rvle. M* Statkam. 

The Grounded Staff* By i Pre^Calvary Martyrs* By 
tht Hev R. filAc^untE* y the Rev, J B, Owcni M A* 

The Voice of TimOi By J. Home Relif?ion. By the late- 

Strouo. i Rev, W. B. Mackenzib, M.A« 

Modem Breeob'^loaders. By W. W. Gkhkkhr* Cloth, 7s* 6d." 

Hatnral History of the Raw Materials of Gommeroe, The, 

,Bt j. YEAirSi LhD* hitcmled for the sljicly of Young Merchants, 
Maauracturers, and Bubinens Mcd, also for School and College use. 

* 45a p&, Crown fivo.'iiloth, 5ii. 

PeiL^ Library ef Popular 'Autl^ors, 

1 , Foxe^s Bo^qk o£ I 2 * Bnnyan’s Pilgrim’s- 
V ICertyra. e.PriJc rd* ! Frogress. Price id, 
Pneiteal Poultry Keeper^ The, By L, WkinHT* Fourth 
SditioHt. W;t1i 36 Plain IliustmtloDS^ Cloth^ 3s. 6d ; with 12 Coloured 
dIttOi ditto, Crown Svo, 

Ready KMa«i|ert CaassU's Slypei^. Cloth* 6d* 

Ready KOokens^ CassoHS Smllinl^* Cuntiiining Calculatioas 
of id. to £1, Interest, Prolit, ind Commisrion Tables, &c* &c. 
Roma&oa of Trade. By H. R. Fox Bourne. Cloth, 5s, 

San Jnaa Water Boundary Question, By Viscount Milton^ M.P. . 
Cloth, lettered, 10$, Gd, ** 
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CASSELL, PETTKS, AND GALPIN 


Woman: Her Position and Power. By W d,D. 

Cloih^ kticpcJj '^s fHil. • 

Wondora, Library of* Fully TSlnstraltid. A .Senes c^f Gift and 

Suhool KcwaFlI'i. Ciuili ^ilt edfjehj cauli 


Wonders of Animal In 
atinct. W[i!i 55 IlliLsiiatian^. 
Wondera of Bodily 
S^ength and Skill, Wuh 

Wonders in Acoustics, 

With * 

World vi Wonders, The. With 

ftlJ] gift, n>s, er.l. 


Wonderfiil Balloon Ab-^ 

eoutf>!, \Viih nuiticum^ III US’ 
iFiLtKinS 

Wonderful Eacapes, IViih 

£6 fTjlI-[jA|4t S’II AMn 1^1* 

Wonders ot Aroliitecturo* 

Wall 54 ISlusi, 

1 llla'itiatJuiLb, (Jlyih, w 6J.: 

* W 


llatiuvil Sifetorf> 

Boole of Birds, CasaolBs Bro 1 im*B. ri aiiRlatetl from tlic Tc\t of 
r>r iiR&iiM by T RvAiiiii Jonrs, F^R.S^•Vol^. 1 , and JL , contALaintj 
I'eJi Colinircd Flnro>A[j[| jfl.j pfi^ lelteriJrcss, with !iiiinciiQLi!i lIliijirAticjiis. 
G!oth, p'' fid., eHJra mit, (nl, * 

Natural History, Cassell's Popular, Tw^i V 4 l[l]^lc^ eloTri, >»s,; 

hiLf-CHlf^ foil l^iIl bactj 45*i . huIf-ninrot-Cm, full ^i!t^ , w‘itK 

Colaiircd THiibtiLiticms. F^air V'^olunies^ cloth^ 4^'i, * * 

Natural History, Picture. Kditc;d by iha Rev, c. IJoiTXEr.L, M A 

Wiili lIlLT^tr.iuojLJi. Cloth, Ititteioi, js. fid. * 


Poplar SclcntlfLo Library^^bo, 

Th.3 World bofore the The Vegetable World,. 

Deluge, Wuh IJliibti?^ • With 471 I IlListrAitnns* Cloth, 
tiom,. Ckitb, ifis. l cihi T'*, ! jfe.: evtfa c|jjih jzilt, /t 


The Ocean World. 4^7 Hhis- 
tr.'itions. Cloth, ftis , gill^ 1?. 

Transformatiftns of In- 
KOetfi, F^iiitwu. Trans- 

liit^d And Adrijjt^d l>y Dr. DuiS’ 
CAN, Sccrclaiy of the Gcol epical 
Suciety, and Frufe'^^iur of th;o- 
lijgy. Kind's C 'Ilcgc, London, 
from the Frut.^h of Kmu.h 

Bl.AticKA8[>, With s4yhighlY- 
IwS'^hcd Ergraviiigs* Clotn 
giJt, giU edges, i&s* 


I T he Ineoc t World* ^76 J Jlus- 
trALic»iis. Cloth, 16s , gilt, Li. IS* 
HeptiiGB and Birds, With 

307 E11 uAtr.xLions t'loth, lettered, 

.' iBs., extra clndl filltf jti 3^, 

World of the Sea. Trans* 

! laicd fram the French of M<S 
' m TanD owfby the Rev, H, 

M. HaII I*. With iS Coburetl 
Mid Tin ted Plates, *id numefous- 
Wwd kngivings;, Best dotk, 
lettered, 215, 


i 


iPoftry, , ' 

Barret Poems* Neiv^nJ RirvKed Editfciu Cloth, 54 • 

Boole of Sacred Pocma* WitTr^oo I! lustrations J?J[ttJ hy the Rev^ 
R. H. BaynhS^ M a. Clpth* 7 <i. 6d. pgill, 10 ^ j|d > morocco^ aia. 

CoseoU's Library Edition of tbe Brltbli Poets, Vob. l,p 
II., and 1 rin, cuETipming Scptl\ Poetical Works complete* Ptiee as* 
each volume. ^ 

Cblld'B Garland of Little Poems, Ttio. With Exquisite lilat- 

trative Borders by GiacomellL'Cloth gill, jr dd. 

Favourite Poems by Gifted Bards* With Twrenty-four llluitra* 

Lions* Cloth, gilt cd^es, 75 ^ 6 d. 

Ooldext Lelsor^s* By W. Smvtniqs* 19 . 
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Hours Of Simshino. Hy Matj-hia;: Uakij, Author of Little Willie," 

&C. With Coloured. I'lAtcs, Qulh 3 Sw 6 d* 

JewolA C^tbored from. Palntor and Poet. Clot I >, gWx edge«;, 7s. 6d, 
FoeiSr CossolL'a Tbroo-aiid-Slacpciiny Editions of the, Tn 

fcap. Zvi'it ppjiiteJ OH i'oned Paper, elegaiitry lx>ijiuL m cloih, extra zoLl 
andculour^, 3^ td. each, bc^t iiiowccOj nilaidwjth emaimL'l icttcr-piece, 

6 ^.6d,cach Lf»PJc,i’Em-ow; StoTr, TivRON; Mootiu: WouL^yvoKTH j 
CowfRK : Mii.ton; Poi^e; liujiNS ; Tiiii Casket olt Gums, The 
Book: of Kumoroi’s Poetkv , iJALi.A)Js, SccrrTisn ahd Erjtiusw ; 
Livhs 0 ^^ Piiin s, 

-FooniB and Flctiires, With 100 IllLutj-ations* Cloth gilc 
^ SbAbespoarOi CajssclVs Illustrated* With 5^x1 lllu’^traiLon-'i by 

H, L. haunrs. Imp avy. Eclited by Chaulks and ^Iaky Coivoem 
Clakke. VqI. L (CoMEiJiKs), 125 ; Vol, TI. (HcsroiriLAO Pi.aysJ^ 
*■ ru£.$d^; Vol. n I. ^'sAGiiOiESh 6d. The Complete Work^ in'lliree 
VoUunes, cloth lettered, 11 mforni, jfr 153.^ Half morooco, ITlC 

Separate Plays may be huU, price eachr 


Serial |3ubIi'cations(. 


CasftglVs Popular Natural 
^ History. J^lQ^thiy^ Od, ; 

id. 

Xdttlo Folks^ MoyAhly.^ Cid. ; 

id. 

‘Oassell^s History of the 
IflTar beti^^een * rLinee and 
Germany. JHarifitly, 71! j 

Weekly^ i^d. 

Cassell's Pcimy Drawing- 
Copy Books, iVcifkhi 
CoaseH’s Book of Birds. 

Mmttklyj 7^. 

Cassell's Magazine. 

AftmlklVj id ■ li^''*t!k/y, id. 

-Cassellu Eritlsh Poet^. 

M^u^thiy. 6d. 

Cassollti Illustrated 
■ Goldsmith, difoiiiklyf jd. 
and <ki. i Wst'kly^ id 

,CasaelVs Dore Don 
Qutnote. Mmithlyt 7d.; 
Wt^kly^ I Id* j 


Cassell's Household 
Guide. Monihiy. 7(1.; 
W<ikly, lid. 

I Dore MlltOlU Mtmthly^ 2<;, 

The Oulver. monthly, 

WtU'kiy^ itl 

Cosseirs Family Blhle, 

Monthly, ll tokly, 

Matthew Henryks Com¬ 
mentary, Ji/ofii/Ay, 7 ( 1 *: 
ti^trk/y, 

Casseirs Technical 
Educator. AUnfkly, ; 
tJWk/yj lid, 

Illustrated Travols, 

Monthly, js. 

Casseirs History of 
England. Monikly, ,d.; 
WeTkiy, ilJ. 

Railway Time Tables and 
Trkdes Directory* 

Montkty, fld. 


gnmta/^, ^a|mt^narKs^, ^r* 

^asseu^fl Illustrate Almanack, 6 d» 

The ** Quiver^' Christmas Annual „ 

Horton's Farmer's Almanack* is. t Ycarljs 

XesUe^Annual. 6(1. j, 


^ ^ For dtfaiUd parlkuktrs of all lAe tPorks vis^rfi^A in ihr fortgoing^ 
LUt, ooHtvU Cai^shll, Pettee, and GAtriwA DhiscfliciivK Catalcjgus, 
sv^^iud fy nil Book^elUrs, i^ndforwotdtd/rot hy th^ P^Utthtri^ 
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